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PREFACE. 


The  collaboration  of  several  teachers  in  the  preparation  of  an  elementary 
text-book  of  physiology  is  unusual,  the  almost  invariable  rule  heretofore 
having  been  for  a  single  author  to  write  the  entire  l)ook.  It  does  not  seem 
desirable  to  attempt  a  discu??sion  of  the  relative  merits  and  demerits  of  the  two 
plans,  since  the  method  of  collaboration  is  untried  in  the  teaching  of  physi- 
ology, and  there  is  therefore  no  basis  for  a  satisfactory  comparison.  It  is  a  fact, 
however,  that  many  tcacliers  of  physiology  in  this  country  have  not  been 
altogether  satisfied  with  the  text-books  at  their  disposal.  Some  of  the  more 
successful  older  books  have  not  kept  pa(^»  with  the  rapid  changes  in  modern 
physiology,  while  few,  if  any,  of  the  newer  books  have  been  uniformly  satis- 
factory in  their  treatment  of  all  parts  of  this  many-sided  science.  Indeed,  the 
literature  of  experimental  physiology  is  so  grejit  that  it  would  seem  to  be 
almost  impossible  for  any  one  teacher  to  keep  thoroughly  informed  on  all 
topics.  This  fact  undoubtedly  accounts  for  some  of  the  defects  of  our  present 
text-books,  and  it  is  hoj)ed  that  one  of  the  advantages  derived  from  the  col- 
laboration methiKl  is  that,  owing  to  the  less  voluminous  literature  to  be 
consulted,  each  author  has  been  eniibKnl  to  base  his  elementary  account  u{X)n 
a  comprehensive  knowledge  of  the  part  of  the  subject  a^^^igned  to  him.  Those 
who  are  acquainted  with  the  difficulty  of  making  a  satisfactory  elementarj' 
presentation  of  th(*  complex  and  oftentiuics  unsettled  questions  of  physiology 
must  agr(K3  tiiat  authoritative  statement^  and  general izjit ions,  such  as  are  fre- 
quently necesstuy  in  text-books  if  they  are  to  leave  any  impression  at  all  upon 
the  student,  are  usually  trustworthy  in  proportion  to  tlie  fulne!?s  of  informa- 
tion possc»ss(Hl  by  the  writ(?r. 

Perhaps  the  most  in)])ortant  advantage  which  may  \h}  expected  to  follow 
the  use  of  the  collalumition  method  is  that  the  student  gains  thereby  the  jH)int 
of  view  of  a  number  of  teachers.  In  a  meiu^ure  he  rea]>s  the  same  benefit  as 
would  he  obtained  by  following  courses  of  instruction  under  ilillerent  teachers. 
The  different  .««tanil|K)ints  assmncsl,  and  the  differences  in  emphasis  laid  upon 
the  various  lines  of  ))rocedurc,  clicmicjil,  physical,  and  anatomic*al,  should 
give  the  student  a  better  insight  into  tin?  metluxls  of  the  .science  as  it  exists 
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book  will  be  found  useful  to  many  practitioners  of  medicine  who  may  wish  to 
keep  themselves  in  touch  with  the  development  of  modern  physiology.  For  this 
class  of  readers  references  to  literature  are  not  only  valuable,  but  frequently 
essential,  since  the  limits  of  a  text-book  forbid  an  exhaustive  discussion  of 
many  points  of  interest  concerning  which  fuller  information  may  be  desired. 

The  numerous  additions  which  are  constantly  being  made  to  the  literature 
of  physiology  and  the  closely  related  sciences  make  it  a  matter  of  difficulty  to 
escape  errors  of  statement  in  any  elementary  treatment  of  the  subject  It  can- 
not be  hoped  that  this  book  will  be  found  entirely  free  from  defects  of  this 
character,  but  an  earnest  effort  has  been  made  to  render  it  a  reliable  repository 
of  the  important  facts  and  principles  of  physiolog}%  and,  moreover,  to  embody 
in  it,  so  far  as  possible,  the  recent  discoveries  and  tendencies  which  have  so 
characterized  the  history  of  this  science  within  the  last  few  years. 
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thofje  of  the  amceba.'  The  pmperty  of  contractility  is  possessed  by  a  vast 
variety  of  unicellular  structures  in  lower  forms  of  animal  life.  Another 
example  is  the  Vortieella  (Fig.  2). 

The  vortieella,  like  the  amceba,  is  a  little  animal  which,  although  consisting 
of  a  single  cell^  poessesses  within  its  microscopic  form  all  the  physiological  prop- 
erties essential  to  life  and  the  perpetuation  of  its  species.  It  consists  of  a  bell, 
with  ciliated  margin,  borne  upon  a  contractile  stalk.  If  touched  with  a 
hair,  or  jarred,  the  cell  rapidly  contracts ;  the  edge  of  the  bell  is  drawn  in  so 
as  to  make  the  body  nearly  spherical,  and  the  stalk  is  thrown  into  a  spiral 
and  drags  the  body  back  toward  the  point  of  attachment.  The  attraction  is 
rapid ;  the  relaxation,  which  comes  when  the  irritation  ceases,  is  gradual.  An 
interesting  account  of  the  movements  of  Vortieella  gracilis  is  given  by  Hodge 
and  Aikins*  under  the  title  of  "  The  Dailv  Life  of  a  Protozoan.*' 

Other  examples  of  contractile  power  possessed  by  apparently  simple  organ- 
isms are  to  be  found  in  the  tentacles  of  Actiniae,  the  surface  sarcode  of  sponges, 
the  chromatoblasts  of  Pleuronectidae,*  which  are  controlled  by  nerves  and 
under  the  influence  of  light  and  darkness  change  their  size  and  so  alter  the 
color  of  the  skin,  and  the  vast  variety  of  ciliated  forms,  including  spermatozoa, 
and  some  of  the  cells  of  mucous  membranes.* 

Irritability. — We  have  thus  far  referred  to  but  one  of  the  vital  properties 
of  protoplasm,  viz.  contractility.  Another  property  intimately  associated  with 
it  is  irritctbiliiy.  Irritability  is  the  property  of  living  protoplasm  which  causes 
it  to  undergo  characteristic  chemical  and  physical  changes  when  subjected  to 
certain  external  influences  called  irritants.  Muscle  protoplasm  is  very  irri- 
table, and  is  easily  excited  to  contraction  by  such  irritants  as  electric  shocks, 
mechanical  blows,  etc.  The  muscles  which  move  the  bones  rarely,  if  ever,  in 
a  normal  condition,  exhibit  spontaneous  alterations  in  form,  and  cannot  be  said 
t4>  |)0S8ess  automatic  power.  By  automatunn  is  meant  that  property  of  cell- 
protoplasm  which  enables  it  to  become  active  as  a  result  of  changes  which 
originate  within  itself,  and  inde{>endently  of  any  external  irritant.  Examples 
of  this  power  may  perhaps  be  found  in  the  movements  of  ciliated  organisms 
and  the  infusoria.  Possibly  the  rhythmic  movements  of  heart  muscle  are  of 
this  natun^  Still  another  property  of  protoplasm,  closely  allied  to  contractility 
and  irritability,  and  possessed  by  muscle-substance,  is  conductivity. 

Conductivity  is  the  pro|)erty  which  enables  a  substance,  when  excited  in 
one  jmrt,  to  transmit  the  condition  of  activity  throughout  the  irritable  mate- 
rial. For  example,  an  external  influence  (capable  of  exciting  an  irritable 
muscle-fibre  to  contracti(m,  although  it  may  directly  affect  only  a  small  part  of 
the  fibrt»,  may  indirectly  influence  the  whole,  because  the  condition  of  activity 
whi(;h  it  ex(Mtes  at  the  {wint  of  application  is  transmitted  by  the  muscle-sub- 
stance throughout  the  extent  of  Ihe  fibre. 

*  An  (*xrellent  (leii(Ti|)tion  of  theMC  niovenients,  accompanied  by  illustrations,  is  given  in 
QitaiH^H  Anatmnjff  vol.  i.,  pt.  2,  pp.  174-179. 

'  II(k1k<*  and  AikinH:  Afneriran  Jtmrnal  of  Pnycholociy,  1895,  vol.  vi.,  No.  4,  p.  524. 

*  KniktiiilxTfc:    Vfrf/Uirhnufl'phyiriologiM'Jif  Vortrdgej  1886,  Bd.  i.  8.  274. 

*  A  <-arc*ftil  Miiidy  itf  th«  diff(*rent  forms  of  movement  exhibited  by  simple  organisms  has 
been  niaile  by  Kn^islfnann :  llrrmanrC*  Handhach  der  Physioloffie^  1879,  Bd.  i.,  Th.  1,  8.  344. 
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does  not  prevent  it  from  being  classed  with  other  irritable  forms  of  living  eell- 
substanee  as  protoplasm.  In  spite  of  differences  in  structure  and  composition, 
ner\'e  protoplasm  and  muscle  protoplasm  are  found  to  have  many  points  of 
resemblance.  An  explanation  of  the  physiological  resemblances  may  be  found 
in  their  common  ancestry.  All  the  cells  of  the  many  structures  of  the  animal 
body  are  descended  from  the  two  parent  cells  from  which  the  animal  is  developed. 
The  fertilized  ovum  divides,  and  two  cells  are  formed,  these  new  cells  divide, 
and  so  the  process  continues,  the  developing  cells  through  unknown  causes  be- 
coming arranged  to  form  more  or  less  definite  layers  and  grouj>s,  which  by  means 
of  foldings  and  unequal  growths  develop  into  the  various  structures  and  organs 
of  the  fetus.  At  the  same  time  that  the  division  is  going  on,  the  total  amount 
of  material  is  increasing.  Each  of  the  cells  absorbs  and  assimilates  dead  food- 
material,  and  this  dead  material  is  built  into  living  substance.  During  this 
process  of  development  and  growth  the  cells  of  special  tissues  and  organs 
acquire  special  anatomical  and  chemical  characters.  This  development  of 
specialized  cells  is  termed  cell-differentiation.  Hand  in  hand  with  the  ana- 
tomical and  chemical  differentiation  goes  a  physiological  differentiation.  The 
protoplasm  of  each  type  of  cell,  while  retaining  the  general  characteristics  of 
protoplasm,  has  certain  physiological  properties  developed  to  a  marked  d^ree 
and  other  properties  but  little  developed,  or  altogether  lacking.  The  fertilized 
ovum  does  not  have  all  the  anatomical  and  chemical  characteristics  of  all  the 
cells  which  are  descended  from  it,  not  at  least  in  just  the  form  in  which  they 
are  possessed  by  these  cells,  and  it  cannot  be  assumed  that  its  living  sub- 
stance possesses  all  the  physiological  properties  which  are  owned  by  its 
descendants.  Many  of  these  properties  it  must  have,  for  many  of  them  are 
essential  to  the  continuance  of  life  of  all  active  cells, — such  as  the  power  to  take 
in,  alter,  and  utilize  materials  which  are  suitable  for  the  building  up  and  repair 
of  the  cell'Substance,  the  power  of  chemically  changing  materials  possessing 
potential  energy  so  that  the  form  of  actual  energy  which  is  essential  to  the  per- 
formance of  the  work  of  the  cell  shall  be  liberated,  and  the  power  to  give 
off  the  waste  materials  which  result  from  chemical  changes.  The  protoplasm 
of  the  ovum,  to  have  these  powers,  has  properties  closely  allied  to  absorption, 
digestion,  assimilation,  respiration,  excretion  ;  and,  in  consideration  of  the  special 
function  of  the  ovum,  we  may  add  that  it  possesses  the  property  of  reproduc- 
tion. The  question  of  its  possessing  the  characteristic  properties  of  muscle  and 
nerve  protoplasm  cannot  be  answered  off-hand.  Careful  study,  however,  has 
shown  the  ovum  of  Hydra  to  possess  irritability,  conductivity,  and  contractility. 
It  undergoes  amoeboid  movements,  as  was  first  shown  by  Kleinenberg. 
Balfour,*  in  writing  of  the  development  of  the  ova  of  Tubularidse,  which  is 
of  a  type  similar  to  Hydra,  says :  "  The  mode  of  nutrition  of  the  ovum  may 
be  very  instructively  studied  in  this  type.  The  process  is  one  of  actual  feed- 
ing, much  as  an  amoeba  might  feed  on  other  organisms."  Something  similar 
seems  to  be  true  of  the  ova  of  echinodermata.  During  impregnation  various 
movements  are  described  implying  the  properties  of  irritability,  conductivity, 
and  contractility.     Thus  in  the  case  of  Astenas  gladalis,  when  the  head  of  the 

*  Comparative  Emhi^oloyy,  pp.  17,  29. 
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be  able  to  accurately  measure  them.  This  we  cannot  do.  We  are  unable  ta 
state  in  irritation-units  the  relative  value  of  different  kinds  of  irritants.  Even 
if  we  could  accurately  estimate  the  amount  of  energy  which  each  form  of  irri- 
tant can  exi)end  in  iritatiou,  we  should  have  only  one  of  the  many  factors 
which  determine  its  efficiency. '  It  is  equally  difficult  to  compare  the  irritating 
effect  of  irritants  upon  different  forms  of  protoplasm ;  e,  g.  we  cannot  state 
what  degree  of  activity  of  a  nerve-fibre  corresponds  to  a  certain  amount  of 
activity  in  a  muscle-fibre.  In  spite  of  the  lack  of  exact  quantitative  measure- 
ments, we  have  gained  a  clear  idea  of  the  way  different  forms  of  irritants 
act  when  applied  to  nerves  and  muscles  in  certain  ways,  and  have  learned  to 
control  the  methods  of  excitation  sufficiently  to  permit  the  influences  which 
alter  the  irritability  of  nerves  and  muscles  to  show  themselves.  The  effect  of 
irritants  can  best  be  studied  upon  the  nerves  and  muscles  of  cold-blooded  ani- 
mals, because  these  retain  their  vitality  and  irritability  for  a  considerable  time 
after  they  have  been  separated  from  the  rest  of  the  body.  It  is  a  common 
observation  of  country  folk  that  the  body  of  a  snake  remains  alive  for  a  long 
time  after  the  head  has  been  crushed,  while  the  body  of  a  chicken  loses  all  signs 
of  life  in  a  comparatively  short  time  after  it  has  been  decapitated.  More  care- 
ful examination  would  show  that  in  neither  case  do  all  parts  of  the  body  die 
simultaneously.  Each  of  the  myriad  cells  has  a  life  of  its  own,  which  it 
loses  sooner  or  later  according  to  its  nature  and  to  the  alterations  to  which  it 
is  subjected  by  the  fatal  change.  The  cells  of  cold-blooded  animals,  as  the 
snake  and  frog,  are  much  more  resistant  than  those  of  warm-blooded  animals, 
because  the  vital  processes  within  the  cells  are  less  active,  and  the  chemical 
changes  which  precede  and  lead  to  the  death  of  the  part  occur  more  slowly. 
For  instance,  the  nerves  and  nmscles  of  a  frog  remain  irritable  for  many  hours, 
or  even  days,  aft«r  the  animal  has  been  killed  and  they  have  been  removed 
fi'om  the  body.  This  fact  is  of  the  greatest  use  to  the  student.  It  enables  him 
to  study  the  nerve  or  muscle  by  itself,  and  under  such  artificial  conditions  as 
he  cares  to  employ.  Experience  shows  that  the  facts  learned  from  the  study  of 
the  isolated  nerve  and  muscle  hold  good,  with  but  slight  modification,  for  the 
nerves  and  muscles  when  in  the  normal  body.  Moreover,  it  has  been  found 
that  the  nerves  and  muscles  of  warm-blooded  animals,  and  even  man,  resemble 
physiologically  as  well  as  anatomically  those  of  the  frog.  The  correspondence 
is  by  no  means  complete,  but  it  is  so  great  as  to  make  the  facts  discovered  by 
a  study  of  the  nerves  and  muscles  of  the  frog  of  the  utmost  im]K)rtance  to  us. 
We  are  driven  to  such  sources  of  information  because  of  the  great  difficulty  of 
keeping  the  muscles  of  warm-blooded  animals  alive  and  in  a  normal  condition 
after  removal  from  the  circulation. 

Irritability  of  Nerves. — The  following  preparation  suffices  to  illastrate 
the  more  striking  effects  of  irritants  upon  a  nerve.  A  frog  is  rapidly  killed, 
and  then  the  sciatic  nerve  is  cut  high  up  in  the  thigh  and  dissected  out  from 
its  groove,  the  branches  going  to  the  thigh-muscles  being  divided.  The  leg  is 
then  cut  through  just  above  the  knee.  This  gives  a  preparation  consisting  of 
the  uninjured  lower  leg  and  foot,  and  the  carefully  prepared  nerve  supplying 
the  muscles  of  these  ]>arts.     The  leg  may  l^e  placed  foot  upward,  and  fastened 
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time  shows,  first,  that  the  muscle  protoplasm  can  be  irritated  dire<itly,  and 
secondly,  that  the  nerves  do  not  communicate  directly  with  the  muscles,  but 
stimulate  them  through  the  agency  of  terminal  end-organs,  called  motoi*  end- 
plates.^ 

Curare  ExperimenL — Rapidly  destroy  the  brain  of  a  frog  with  a  slightly 
curved,  blunt  needle,  and,  to  prevent  hemorrhage,  plug  the  wound  by  thrust- 
ing a  pointed  match  through  the  foramen  magnum  into  the  brain-cavity. 
Expose  the  sciatic  nerve  of  the  left  thigh,  carefully  pass  a  ligature  under  it,  and 
tie  the  ligature  tightly  about  all  the  tissues  of  the  thigh  excepting  the  nerve, 
thus  cutting  off  the  circulation  from  all  the  leg  below  the  ligature  without  in- 
jury to  the  nerve.  Inject  into  the  dorsal  lymph-sac  or  the  abdominal  cavity  a 
few  drops  of  a  2  per  cent,  solution  of  curare.  In  from  twenty  to  forty  minutes 
the  drug  will  have  reached  the  general  circulation  and  produced  \\a  effect. 

Although  the  brain  has  been  destroyed  and  the  frog  is  incapable  of  having 
sensation,  it  will  be  found  that  muscular  movements  will  be  made  if  the  skin 
be  pinched  soon  after  the  drug  has  been  given.  These  are  reflex  movements, 
and  are  due  to  excitation  of  the  spinal  cord  by  the  nerves  coimected  with  the 
skin.  As  the  paralyzing  action  of  the  drug  progresses,  these  reflex  actions  be- 
come feebler  and  feebler  until  altogether  lost  in  the  parts  exposed  to  the  drug, 
although  they  may  still  be  shown  by  the  parts  from  which  the  drug  has  been 
excluded.  The  condition  of  the  nerves  and  muscles  can  be  examined  as  soon 
as  reflex  movements  of  the  poisoned  parts  cease. 

To  ascertain  the  action  of  the  j)oison,  expose  the  nerves  of  the  two  legs, 
either  high  up  in  the  thigh  or  inside  the  abdominal  cavity,  where  they  have 
been  subjected  to  tlie  poison,  and  test  their  irritability  by  exciting  them  with 
electric  shocks.  Stimulation  of  the  motor  nerve  of  the  right  leg  (a.  Fig.  4) 
causes  no  contraction  of  the  muscles  of  that  1^,  while  stimulation  of  the  motor 
nerve  of  the  left  leg  (6),  results  in  active  movements  of  the  muscles  of  that 
leg.  The  response  of  the  left  leg  shows  that  nerve-trunks  are  not  injured  by 
the  poison,  and  that  the  paralysis  of  the  right  leg  must  find  some  other  expla- 
nation. On  testing  the  muscles  it  is  found  that  they  are  irritable  and  contract 
when  directly  stimulated.  Since  neither  nerve-trunks  nor  muscles  are  poisoned, 
it  is  necessary  to  assume  that  the  cause  of  the  paralysis  is  something  which  pre- 
vents the  nerve-impulse  from  passing  from  the  nerve  to  the  muscle.  Micro- 
scopic examination  shows  that  the  nerve-fibre  does  not  communicate  directly 
with  the  muscle-fibre,  but  ends  inside  the  sarcolemma  in  an  organ  which  is 
called  the  motor  end-plat€  (see  Fig.  31).  It  appears  that  the  nerve  acts  on  the 
mus<;le  through  this  organ,  and  its  failure  to  act  on  the  side  which  was  exposed 
to  the  curare  was  because  the  end-plate  had  been  paralyzed  by  the  drug.  By 
the  use  of  curare,  therefore,  we  are  enabled  to  prevent  the  nerve-impulse  from 
reaching  the  muscles,  and,  when  we  have  done  this,  w^e  find  that  the  muscle 
is  still  able  to  resjK)nd  to  direct  excitation  with  all  forms  of  irritants,  viz., 

*  Ch.  Bernard  :  "  Analyse  physiologique  des  Propri^t^  des  SystSmes  musciilaires  et  nerveux 
au  moyen  du  Curare,"  Oomptes-renduSy  1856,  p.  825.  Kolliker:  "  Physiologische  Untersuch- 
ungen  fiber  den  Wirkungen  einiger  Gifte,"  Archiv  fur  pathologische  AnaJUymity  1856. 
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0>\f>iTioN«  WHICH  Determine  the  Effect  of  Excitation'. 

The  result  of  thr;  irritation  of  ner\'e  and  muscle  is  dependent  on  two  sets 
of  c;rindition8 — namely,  conditiom^  which  determine  the  irritability ;  condi- 
tioiM  which  determine  the  efficiency  of  the  irritant. 

It  will  be  neceftHary  for  uh  to  study  the  second  set  of  conditions  first — for, 
Fiefore  we  hslu  judge  of  the  irritability  and  the  effect  of  various  influences  upon 
it,  we  must  consider  how  far  the  activity  of  the  nerve  and  muscle  is  depend- 
ent on  the  character,  strength,  and  method  of  application  of  the  irritant 

OonditioDS  which  Determine  the  Efficiency  of  Irritants. — Some  of 
thc;se  amditions  can  be  best  studied  on  nerves,  while  others  are  more  ap- 
[larent  in  their  effects  on  muscles.  The  most  useful  irritant  for  purposes  of 
study  is  the  elec^'tric  current.  Mechanical,  thermal,  and  chemical  irritants  are 
likely  to  injure  the  tissue,  and  are  not  manageable,  whereas  electricity,  if  not 
Uh)  strong,  can  1x5  applied  again  and  again  without  producing  any  permanent 
altemtion,  and  can  be  accurately  graded  as  to  strength,  place,  time,  duration 
of  appli(*^tion,  etc.  Of  course,  the  results  obtained  by  the  use  of  a  given 
irrjUuit  (cannot  be  accepted  for  others  until  verified.  The  conditions  which 
detcfrtnine  the  effectiveness  of  the  electric  current  as  an  irritant  may  be 
classed  as  follows :  (a)  The  rate  at  which  the  intensity  clianges.  (6)  The 
strength  of  current,  (c)  The  density  of  current,  (rf)  The  duration  of 
application,     (e)  The  angle  of  application.     (/)  The  direction  of  flow. 

In'Utiiing  Kffec*t  of  the  Electric  Current, — Luigi  Galvani,  Professor  of 
Physicji  at  lk)logna,  1791  (or,  according  to  some,  his  wife  Lucia),  observed  the 
legs  of  fn>gs  which  had  been  prepared  for  the  kitchen,  and  had  been  sus|>ended 
by  brass  hooks  from  an  iron  balcony,  make  convulsive  movements  every  time 
the  wind  blew  them  against  the  iron.  He  rei)eated  the  experiment  in  his 
laboratory,  and  decided  that  the  frogs  had  been  excited  to  action  by  electric 
currents  developed  within  themselves ;  he  looked  upon  the  metals  which  he 
had  used  nu^rely  as  conductors  for  this  current.  Volta,  Professor  of  Natural 
Philosophy  at  Pavia,  repeated  Galvani's  experiment,  and  concluded  that 
then*  had  been  an  electric  current  developed  from  the  contact  of  the  dissimilar 
metals  with  the  moist  tissues  of  the  frog.  In  acconlance  with  this  idea  he  con- 
stnicted  the  voltaic  pile,  and  this  was  the  starting-|)oint  of  the  science  of 
electricity  of  to-<lay. 

Although  it  is  true  that,  under  certain  conditions,  differences  in  electric 
(potential  sufficient  to  excite  muscles  to  contraction  can  be  developed  in  the 
animal  IkxIv,  the  contractions  of  the  frog's  leg  which  Galvani  observed  were 
line  to  the  metals  which  he  employed.  The  exj)eriment  can  be  easily  per- 
fornuxl  by  ix>nnwting  a  bit  of  zinc  to  a  piece  of  curved  copper  wire,  and  bring- 
ing the  two  ends  of  the  arc  against  the  moist  nerve  and  muscle  of  a  frog.  A 
stn^nger  and  more  efficient  shoi*k  can  be  obtained  from  a  Daniell  or  some  other 
voltaic  ivll. 

.1  IhtmvU  ct'U  (Fig.  5)  is  cH)mpi)sod  of  a  zinc  and  copper  plate,  the  former  dipping 
into  liiluto  sulphuric  acid,  the  latter  into  a  strong  copper-sulphate  solution.  Although 
gravity  will  ktH'p  thi^se  liquids  so^mrated.  if  the  cell  is  to  be  moved  about  it  b  better 
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Keys. — It  ifl  not  as  convenient  to  stimulate  a  nerve  by  touching  it  with  the  electrodes  as 
it  is  to  place  it  upon  the  electrodes  and  close  the  connection  between  the  zinc  and  copper  at 
some  other  part  of  the  circuit ;  this  may  be  done  by  what  is  called  a  key.    Any  mechanism 

which  can  be  used  to  complete  the  circuit  could 
receive  this  name,  and  there  are  a  number 
of  convenient  forms.  The  one  most  used  by 
physiologists  is  that  devised  by  Du  Bois-Rey- 
mond,  and  which  bears  his  name  (see  Fig.  7). 
This  has  the  advantage  of  being  capable  of 
being  used  in  two  different  wa3's — one  simply 
as  a  means  to  close  the  circuit,  and  the  other 
to  short-circuit  the  current.  These  two  meth- 
ods are  shown  in  Figure  8. 

By  the  former  method  the  key  supplies  a 
movable  piece  of  metal  by  which  contact  be- 
tween the  two  ends  of  the  wires  may  be  made 
as  in  a  (Fig.  8),  or  broken  as  in  6,  and  the 
current  be  sent  through  the  nerve,  or  prevented 
from  entering  it.  By  the  latter  method  the 
battery  is  all  the  time  connected  with  the 
electrodes,  and  the  key  acts  as  a  movable 
bridge  between  the  wires,  and  when  closed  gives  a  path  of  slight  resistance  by  which 
the  current  can  return  to  the  battery  without  passing  through  the  nerve.  The  current 
always  takes  the  path  of  least  resistance,  and  so,  if  the  key  be  closed  as  in  c,  all  the  cur- 
rent will  pass  through  the  key  and  none  will  go  to  the  nerve,  which  has  a  high  resistance, 
whereas  if  the  key  be  opened  as  in  rf,  the  bridge  being  removed,  all  the  current  will  go 
through  the  nerve.  It  is  often  better  to  let  the  cell  or  battery  work  a  short  time  and  to 
get  its  fiill  strength  before  letting  the  current  enter  the  nerve,  and  the  short-circuiting  key 
permits  of  this.     Moreover,  there  are  times  when  a  nerve  may  be  stimulated  if  connected 


Fig.  7.— Electric  key. 


Fig.  8.— Electric  circuiting. 

with  the  source  of  electricity  by  only  one  wire  ;  when  the  nerve  is  so  excited,  it  is  called 
unipolar  stimulation ;  this  may  be  prevented  by  the  short-circuiting  key. 

As  has  been  said,  a  nerve  is  irritated  if  it  be  connected  with  a  battery  and 
an  electric  current  suddenly  passes  through  it.  Unless  the  current  be  very 
strong  the   irritation  is  transient,  however;  the  muscle  connected  with  the 
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containing  the  nerve.  The  wires  from  the  batteiy  are  connected  with  binding-(>o8tfl,  a,  6 
(Fig.  9),  at  opposite  sides  of  a  circular  groove  containing  a  saturated  solution  of  zinc  sul- 
phate. Strips  of  amalgamated  zinc  connect  the  binding-posts  with  the  fluid,  and  so  com- 
plete a  circuit  which  offers  much  resistance  to  the  passage  of  the  current.  From  the  centre 
of  the  block  containing  the  groove  rises  an  upright  bearing  a  movable  horizontal  bar,  from 
each  extremity  of  which  an  amalgamated  zinc  rod,  e  and/,  descends  and  dips  into  the  zinc- 
sulphate  solution.  The  zinc  rods  are  connected  with  binding-posts  on  the  movable  bar,  and 
from  these  wires  pass  to  the  electrodes  on  which  the  nerve  rests.  The  bar  revolves  on  a 
pivot  on  the  top  of  the  upright,  and  thus  the  zinc  rods  can  be  readily  approached  to 
or  removed  from  the  zinc  strips,  the  poles  of  the  battery.  When  the  zinc  rods  hold  a 
position  midway  between  these  poles,  the  current  all  passes  by  the  way  of  the  fluid.  As 
the  bar  is  turned,  so  as  to  bring  the  zinc  rods  nearer  and  nearer  the  two  poles  of  the  bat- 
tery, the  current  divides,  and  more  and  more  of  it  passes  through  the  path  of  lessening 
resistance  of  which  the  nerve  is  a  part.  When  the  zinc  rods  are  brought  directly  opposite 
the  poles  of  the  battery  nearly  all  the  current  passes  by  the  way  of  the  nerve.  If  the  bar  be 
turned  more  or  less  rapidly,  the  current  is  thrown  into,  or  withdrawn  from,  the  nerve  more 
or  less  quickly. 

By  this  arrangement  we  can  not  only  observe  that  the  nerve  fails  to  be  irritated 
when  the  current  is  made  to  enter  or  leave  it  gradually,  and  when  it  is  flowing 
continuously  through  it,  but  that  sudden  variations  in  the  density  of  the  cur- 
rent flowing  through  the  nerve,  such  as  are  caused  by  quick  movements  of  the 
l)ar,  although  they  do  not  make  or  break  the  circuit,  serve  to  excite.  This 
experiment  shows  that  electricity,  as  such,  does  not  irritate  a  nerve,  but  that  a 
sudden  change  in  the  density  of  the  current,  whether  it  be  an  increase  or 
decrease,  produces  an  alteration  in  the  nerve-protoplasm  which  excites  it  to 
action  and  causes  the  development  of  what  we  call  the  nerve-impulse. 

Du  BoiS'ReymoTKPs  Lciw, — Du  Bois-Reymond  formulated  the  following 
rule  for  the  irritation  of  nerves  by  the  electrical  current :  "  It  is  not  the  abso- 
lute value  of  the  current  at  each  instant  to  which  the  motor  nerve  replies  by  a 
contraction  of  its  muscle,  but  the  alteration  of  this  value  from  one  moment  to 
another;  and,  indeed,  the  excitation  to  movement  which  results  from  this  change 
is  greater  the  more  rapidly  it  occurs  by  equal  amounts,  or  the  greater  it  is  in 
a  given  time." 

We  shall  have  occasion  to  see  that  this  rule  has  exceptions,  or  rather  that 
there  is  an  upper  as  well  as  lower  limit  to  the  rate  of  change  of  density  of  the 
electric  current  which  is  favorable  to  irritation. 

Similar  observations  may  l>e  made  with  other  forms  of  irritants.  Pres- 
sure, if  brought  to  l>ear  on  a  nerve  gradually  enough,  may  be  increased  to  the 
point  of  crushing  it  without  causing  sufficient  irritation  to  excite  the  attached 
muscle  to  contract,  although,  as  has  l>een  said,  a  very  slight  tap  is  capable  of 
stimulating  a  nerve.  Temperature,  and  various  chemicals,  likewise,  must  be  so 
applied  as  to  produce  rapid  alterations  in  the  nerve-protoplasm  in  order  to  act 
as  irritants.  The  same  rule  would  s<»eni  to  hold  good  for  the  nerve-cells  of  the 
central  nervous  system.  It  is  a  matter  of  daily  experience  that  the  nervous 
mechanisms  through  which  sensory  impressions  are  perceived  are  vigorously 
excited  by  sudden  alterations  in  the  intensity  of  stimuli  reaching  them,  and  but 
little  aflected  by  their  continuous  application;  the  withdrawal  of  light,  a  sudden 
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&llof  the  density  of  the  current  in  the  secondary  coil  is  very  rapid,  an<l  this  rapid  double  change 
in  density  of  the  current  causes  the  induction  shock  to  be  a  ver>'  effeittive  irritant.  The  break- 
ing induction  shock,  as  we  call  that  which  is  produced  by  breaking  the  priu)ar>'  current^  is 
found  to  act  more  vigorously  than  the  making  shock,  which  is  the  reverse  of  what  is  fonnd 
with  direct  battery  currents.  The  cause  of  this  lies  in  the  nature  of  the  apparatus.  At  the 
moment  that  the  current  begins  to  flow  into  the  primaiy  coil,  it  induces  not  only  a  current 
in  the  secondar}'  coil,  but  also  currents  in  the  coils  of  wire  of  the  primary  coil.  Thesc^ 
e.xtra  induced  currents  in  the  primary  coil  have  the  opposite  direction  to  the  battery  cur- 
rent and  tend  to  oppose  its  entrance,  and  thereby  to  prevent  it  from  immediately  gain- 
ing its  full  intensity.  This  delay  affects  the  development  of  the  induced  current  in  the 
h<econdary  coil,  causing  it  to  be  weaker  and  to  have  a  slower  rise  and  fall  of  intensity  than 
would  otherwise  be  the  case.  When  the  primary'  current  is  broken,  on  the  other  hand, 
there  is  no  opposition  to  its  cessation,  and  the  current  induced  in  the  secondary  coil  is 
intense  and  has  a  rapid  rise  and  fall.     These  differences  are  illustrated  in  Figure  12. 

Myogram. — To  accurately  tost  the  effect  of  the  maklDg  and  breaking 
induction  shocks,  it  is  necessary  to  record  the  reaction  of  the  nerve ;  this  can 
be  done  by  recording  the  extent  to  which  the  corresponding  muscle  contracts 
in  resjxmse  tt>  the  stimulus  which  it  receives  from  the  nerve.  In  such  an 
exjHjrinient  it  is  customary  to  use  what  is  known  as  a  nerve-muscle  prepara- 
tion. The  gastrocnemius  muscle  and  sciatic  nerve  of  a  frog,  for  instance,  are 
carefully  dissect^nl  out,  the  attachment  of  the  muscle  to  the  femur  being  pre- 
served, and  the  bone  being  cut  through  at  such  a  point  that  a  sufficiently  long 
piece  of  it  shall  l)e  left  to  fasten  in  a  clamp,  and  so  sup|K)rt  the  muscle  (see 
Fig.  13). 


Fi«.  13.— MhUhkI  of  recording;  inwhculur  ('(Hitraciion. 


The  simplest  methrxl  of  recording  the  extent  of  the  muscular  contraction 
is  to  connwt  the  muscle  by  means  of  a  fine  thrcfiid  with  a  light  lever,  and  let 
the  |)oint  of  the  lever  rest  against  a  smooth  surface  c;ovend  with  soot,  so  that 
when  the  miischf  contracts  it  shall  draw  up  the  lever  and  trd<*<;  a  line  of  cor- 
respomling  length  U])on  the  blackened  hurface.     The  combination  of  instru- 
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rins  muscle,  which  is  clamped  in  the  middle  firmly  enough  to  prevent  the  con- 
tractioDS  of  one  half  from  moving  the  other,  but  not  enough  to  interfere  with 
the  conduction -power  of  the  tissue.  The  record  of  the  contractions  is  best 
obtained  by  the  double  myc^raph  of  Hering  (Fig.  15),  which  permits  the 
recording  levers  attached  to  the  two  ends  of  the  muscle  to  writ£  directly  under 
each  other,  so  that  any  difference  in  the  b^inning  of  the  contraction  of  the 
two  halves  of  the  muscle  is  immediately  recognizable  from  the  relative  posi- 
tions of  the  records  of  their  contractions. 

The  current  b  applied  to  the  two  extremities  of  the  muscle  by  non-polariiable  electrodes. 
In  aJl  experiments  with  the  direct  bHttery  current  it  ia  essential  to  employ  non-polariiable 
electrodes.  Tlie  tbrm  devised  by  Hering  is  verj'  useiiil  where  the  current  has  to  be  applied 
directly  to  the  muacle,  because  the  two  electrodes  are  hung  from  pivots  in  sucb  a  way  tliat 
they  move  with  the  movemeuts  of  the  muscle,  and  hence  do  not  shift  their  position  when 
the  muscle  contracts.  Some  kind  of  apparatus  has  to  be  employed  for  quickly  reversing 
the  direction  of  the  cuirenL  A  convenient  in- 
strument for  this  purpose  is  Pohl's  mercury  com- 
mutator (fig.  16).  This  inetnunent  consists  of 
a  block  of  insulating  material  in  which  are  six 
little  cups  containing  mercury,  which  is  in  con-  - 
nection  with  binding-posts  on  the  sides  of  the 
Jblock.     Two  of  the  mercury  cups  on  the  opposite 
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sides  of  the  block  n  and  h  (Fig.  17,  A),  are  connected  by  wires  with  the  batteiy ;  two  others, 
c  and  ''.  are  connected  with  wires  which  pass  to  the  electrodes ;  the  remaining  two  on  the 
opposite  side  of  the  block,  e  and  /.  are  joined  by  movable  good  conducting  wires  with  the 
cupd  r  and  il  in  such  a  way  that  r.  connects  with  /,  and  d  with  e.  Two  anchor-like  pieces  of 
metal  are  connected  by  an  insulated  handle,  and  are  so  placed  that  the  slocks  of  the  anchors 
dip  into  the  mercurj-  cups  ••  and  h  IFin.  10).  The  aiichore  can  be  rocked  to  one  side  or  the 
other,  BO  that  the  ends  of  the  curved  arms  shiill  dip  into  the  cups  c  and  d  (in  which  case 
cup  II  will  be  connpcted  wiih  cup  c,  and  cup  h  with  cup  (/ ),  or  so  that  the  other  ends  of  the 
arms  shall  dip  into  cups  e  and  /  (in  which  case  cup  a  will  be  connected  with  cup  e,  and  by 
means  of  the  crohs  wire  with  cup  d,  and  cup  h  will  be  connected  with  cup  /,  and  by  mean.s 
(if  the  cross  wire  with  cup  cl.  By  the  arranpeuient  shown  in  Fig.  IT,  -4  the  current  can 
pass  From  the  batlerj-  by  way  of  a  and  c.  down  the  nene,  and  by  way  of  (/  and  h  back  to 
the  battery;  or  it  can  imss  from  the  battery  by  way  of  «,  r,  d,  and  in  the  reverse  direction, 
up  the  Ticrve  anil  back  to  the  hatter>',  by  way  of  c,  /,  h.  There  are  many  other  forms  of 
apparatus,  generally  known  as  pole-changers,  wliicli  may  be  employed  to  reverse  the 
current. 

The  cunimutalor  can  be  used  in  another  way  (sec  Fig.  IT,  R).  If  ihe  batter>'  be  con- 
nected with  it  as  before,  and  the  cross  wires  be  removed,  the  current  can  be  *ent  at  will 
into  either  one  of  two  separate  circuits.     For  instance,  if  the  cups  c,  d  be  connected  with 
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experiments  that  the  tetanus  which  results  from  closing  a  strong  cufrent 
remains  located  at  the  kathode,  and  the  tetanus  following  the  opening  of 
the  current  remains  located  at  the  anode. 

The  same  is  true  of  the  nerve  as  of  the  muscle ;  the  irritating  process  which 
is  called  out  by  the  sudden  entrance  of  a  battery  current  into  a  nerve  starts 
from  the  n^ative  pole,  the  kathode,  and  spreads  thence  thi'oughout  the  nerve, 
while  the  irritating  process  excited  by  the  cessation  of  the  flow  of  the  current 
starts  from  the  r^ion  of  the  positive  pole,  the  anode,  and  spreads  from  that 
point  throughout  the  nerve.  A  proof  of  this  was  obtained  by  Von  Bezold, 
who  observed  the  difference  in  the  time  between  the  moment  of  excitation  and 
the  beginning  of  the  contraction  of  the  muscle,  when  the  nerve  was  excited 
by  opening  and  by  closing  the  current,  with  the  anode  next  to  the  muscle, 
and  with  the  kathode  next  to  the  muscle.  He  found  the  time  to  be  longer 
when  the  current  was  closed  if  the  kathode  was  the  more  distant,  and  to  be 
longer  when  the  current  was  opened  if  the  anode  was  farther  from  the  muscle. 
Evidently  in  the  case  of  the  nerve  as  of  the  muscle,  the  irritable  substance 
subjected  to  the  current  is  not  all  affected  alike.  The  current  does  not 
set  free  the  irritating  process  at  every  part  of  the  nerve,  but  produces 
peculiar  and  different  effects  at  the  two  poles,  the  change  which  occurs  at  the 
kathode  when  the  current  is  closed  being  of  a  nature  to  cause  the  development 
of  the  excitatory  process  which  awakens  the  closing  contraction,  and  the 
change  which  occurs  at  the  anode  when  the  current  is  opened  being  such  a? 
to  cause  the  development  of  the  excitatory  process  which  calls  out  the  opening 
contraction. 

Closing  contractions  are  strongei*  than  opening  contractions.  The  irritation 
developed  at  the  kathode  is  stronger  than  that  developed  at  the  anode.  It  is 
true  of  both  striated  and  unstriated  muscles  that  an  efficient  irritation  can  be 
developed  at  the  kathode  with  a  weaker  irritant  than  at  the  anode.  Moreover, 
a  greater  strength  of  current  is  required  to  produce  opening  than  closing  con- 
tinued contractions. 

The  same  may  be  said  of  nerves.  If  one  applies  a  very  weak  battery  cur- 
rent to  the  nerve  of  a  nerve-muscle  preparation,  he  notices  when  he  closes  the 
key  a  single  slight  contraction  of  the  muscle,  and  when  .he  opens  the  key,  no 
effect  If  he  then  increases  the  strength  of  the  current  very  gradually,  and 
tests  the  effects  of  the  making  and  breaking  of  the  current  from  time  to  time, 
he  ol)serves  that  each  time  the  strt^ngth  of  the  current  is  increased  the  closing 
contraction,  wliich  is  due  to  irritation  originating  in  the  part  of  the  nerve  sub- 
ject to  the  kathode,  grows  strong(»r,  and  finally  contractions  are  also  seen  when 
the  circuit  is  broken,  the  irritation  proctvss  developed  at  the  anode  having 
become  strong  (»nough  to  excitt*  the  musc»le.  These  opening  contractions  at 
first  are  weak,  but  gnulually  increase  in  strength,  until  with  a  medium  strength 
of  current  vigorous  (H)ntractions  are  seen  to  follow  both  opening  and  closing  of 
the  current.  If  the  striMigth  of  the  current  be  still  further  increased,  it  is 
found  that  <Mtlier  tlie  closing  or  ojx^ning  contraction  begins  to  decrease  in 
size,  and  if  a  very  strong  current  be  employed,  the  closing  or  opening  con- 
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the  curreut  may  excite  other  parts  than  those  which  it  is  intended  to  excite 
and  false  conclusions  may  be  reached. 

In  case  currents  of  high  potential  are  employed,  another  source  of  error 
may  arise  through  electrostatic  charging  of  distant  parts. 

Spread  of  Electrostatic  Charges, — If  the  primary  coil  of  an  induction 
apparatus  be  connected  with  a  battery  by  the  closure  of  a  key  in  the  primary 
circuit,  the  sudden  flow  of  current  through  the  coil  is  accompanied  by  a 
transient  change  in  the  stress  of  the  magnetic  field  about  the  coil.  This  change 
in  the  mac^netic  field  induces  an  alteration  in  the  electrical  condition  of  the 
wire  of  the  secondary  coil  of  the  apparatus,  and  the  terminals  of  this  coil 
undergo  a  rapid  change  of  electrical  potential,  the  one  becoming  positive,  the 
other  negative.  If  two  electrodes  be  connected  with  the  binding  posts  of  the 
secondary  coil,  they  become  the  terminals  of  the  coil  and  are  given,  one  a 
positive,  the  other  a  negative  charge.  The  same  thing  happens  when  the  key 
in  the  primary  circuit  is  opened.  In  both  cases  the  change  of  potential  is  only 
momentary  in  its  duration.  The  eflTect  of  opening  the  primary  circuit  is  con- 
siderably stronger  than  that  of  closing  the  circuit,  for  reasons  stated  on  page  33. 

If  the  two  electrodes  are  connected  by  a  conducting  material,  an  electric 
current  will  flow  from  one  to  the  other  at  the  instant  the  change  of  potential 
takes  place.  If  the  electrodes  be  connected  by  the  nerve  of  a  nerve-muscle 
preparation,  an  electrical  current  will  flow  through  the  nerve ;  the  nerve  will 
be  excited,  a  nerve-impulse  will  be  developed  and  be  transmitted  along  the 
nerve  to  the  muscle  and  cause  it  to  contract.  It  not  infrequently  happens, 
if  the  current  entering  the  primary  coil  is  strong  and  a  large  electromotive 
force  is  developed  in  the  secondary  coil,  that  the  exciting  effect  of  the  sudden 
electrical  change  is  not  confined  to  the  part  of  the  nerve  directly  connecting 
the  electrodes,  but  spreads  to  distant  parts  of  the  nerve,  and  even  to  the 
muscle.  This  is  shown  by  the  fact  that  the  muscle  will  contract  even  after 
a  moist  ligature,  tied  tightly  about  the  nerve,  has  broken  the  continuity  of 
its  protoplasm  and  so  prevented  the  nerve  impulse  from  reaching  the  muscle. 
In  such  a  case  the  contraction  of  the  muscle  is  due  to  an  irritation  of  the 
nerve  beyond  the  point  to  which  the  ligature  was  applied  or  to  the  direct 
excitation  of  the  muscle  itself.' 

If  it  is  found  that  the  muscle  will  contract  after  the  nerve  has  been 
crushed  by  the  ligature,  it  will  also  be  found  that  it  will  contract  in  case  one 
electrode  be  removed  from  the  nerve,  so  that  it  remains  connected  with  only 
one  pole  of  the  induction  apparatus.  To  imdcrstand  this,  we  must  look  upcm 
the  muscle  as  the  terminal  of  the  pole  of  the  secondary  coil  with  which  it  is 
in  connection.  When  the  potential  of  the  poles  of  the  secondary  coils  is 
suddenly  changed,  the  change  of  potential  spreads  through  all  conducting 
bodies  connected  with  these  poles,  and  in  the  case  in  question  it  passes,  by 
way  of  the  wire,  electrode,  and  nerve,  to  the  muscle.  In  short,  the  muscle, 
like  any  conductor,  is  charged  up,  and  in  the  process  of  charging  there  is  a 
flow  of  current  which  excites  the  nerve  and  muscle. 

*  Du  Bois-Reymond  :    Unierisuchunffm  i'lber  tfiicnache  Eleetricildtf  Bd.  i.  S.  423. 
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to  a  dense  flow  of  current,  will  be  excited  and  the  muscle  will  contract. 
Unless  the  primary  current  is  very  strong  the  electromotive  force  developed  in 
the  secondary  coil  on  the  closing  of  the  primary  circuit  may  be  too  weak  to 
cause  contraction,  and  only  the  effect  of  o{)ening  the  circuit  may  be  observed ; 
in  any  case,  the  effect  of  breaking  the  primary  circuit  will  be  the  stronger. 
More  striking  results  will  be  obtained  if  the  primary  current  be  rapidly 
made  and  broken  by  an  automatic  interrupter  introduced  into  the  primary 
circuit;  the  muscle  will  then  be  excited  by  a  series  of  rapidly  following 
shocks. 


Pig.  22.— Unipolar,  localized  excitation  of  nerve.  By  this  arrangement  a  large  part  of  the  surface 
of  the  nerve  and  miiBcle  is  brought  into  immediate  connection  with  the  secondary  coil  through  the  sheet 
of  gold-foil.  The  nerve  is  locally  excited  at  the  point  that  18  touched  by  the  needle,  because  the  current 
going  to  charge  the  tin-foil  conductor  passes  out  uf  the  nerve  at  this  point  as  a  dense  stream.  The 
muscle  (a)  is  supported  by  an  insulating  clamp  of  lead-glass  and  vulcanite  (b),  and  is  connected  to  the 
writing  lever  by  a  dry  lead-glass  hook  (c);  the  nerve  (d)  lies  on  a  sheet  of  gold -foil  (c\  which  is  also 
wrapped  about  the  muscle,  and  which  rests  on  a  block  of  vulcanite  (/)  supported  by  a  glass  rod  ig) ;  the 
gold-foil  is  in  close  contact  with  the  binding-post  (A),  and  this  is  connected  with  one  terminal  of  the 
secondary  coil  (t)  of  an  induction  apparatus,  the  other  terminal  l)eing  connected  with  a  gas  pipe  0").  *nd 
so  with  the  cArth  ;  in  the  primary  induction  circuit  there  are  a  battery  (Jfc)  and  a  key  [l) ;  the  needle  (tii)  is 
connected  with  a  large  conductor  (n),  which  is  composed  of  a  board  covered  with  tin-foil,  and  is  sus- 
pended f^om  glass  hooks. 


For  the  sake  of  simplicity  we  have  thus  far  only  spoken  of  the  charging 
of  the  preparation  from  the  secondary  coil.  It  must  be  borne  in  mind,  how- 
ever, that  the  change  in  the  electrical  condition  of  the  secondary  coil  lasts 
only  an  instant,  and  the  terminals  of  the  coil  and  the  tissues  connected  with 
them  immediately  return  to  their  original  potential,  this  change  being  accom- 
panied by  a  backward  surge  of  the  electrical  wave  from  the  muscle  through 
the  nerve,  electrodes,  and  wire  to  the  coil,  and  this  reverse  current  acts  like 
the  charging  current  to  cause  excitation.  The  charging  and  discharging 
processes  follow  each  other  with  such  rapidity,  however,  that  they  act  upon 
the  tissues  as  a  single  excitation. 

To  Prevent  the  Spread  of  Current. — As  we  have  seen  when  the  nerve  of  a 
nerve-muscle  preparation  is  connected  by  two  electrodes  with  the  poles  of 
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In  a  like  manner  if  a  nerve-muscle  preparation  be  isolated,  as  shown  in- 
Fig.  22,  and  a  needle,  held  in  the  hand  or  connected  with  a  large  metallic 
conductor  or  a  condenser,  be  brought  in  contact  with  some  point  of  the  nerve, 
the  excitation  which  occurs  on  the  opening  and,  with  a  strong  current,  on  the 
closing  of  the  primary  circuit  will  be  strictly  limited  to  the  part  of  the  nerve 
touched  by  the  needle.  This  method  can  be  used  to  advantage  in  studying 
the  rate  of  conduction  in  nerves  or  any  problem  which  requires  strict  locaU 
ization  of  electric  excitation. 

(d)  Effect  of  the  Duration  of  the  Electric  Current  on  its  Power  to  Irritatt 
Nerves  and  Muscles. — As  we  have  seen,  a  constant  battery  current,  when  flow- 
ing uninterruptedly  through  a  motor  nerve,  does  not  onlinarily  excite  it;  very 
slow  variations  in  the  strength  of  the  current  also  fail  to  irritate ;  but  rapid 
alterations  in  the  strength,  whether  in  the  direction  of  increase  or  decrease,  act 
as  vigorous  stimuli.  For  example,  medullated  nerves  are  irritated  more  vigor- 
ously by  the  rapid  changes  of  intensity  of  induced  currents  than  by  the  some- 
what slower  changes  occurring  at  the  make  and  break  of  battery  currents. 
Within  certain  limits,  at  least,  the  more  rapidly  the  intensity  of  the  current 
changes,  the  greater  the  irritating  eifect  upon  nerves.  That  there  is  a  limit 
even  for  the  rapidly  reacting  protoplasm  of  medullated  nerves  is  shown  by 
the  fact  that  by  unipolar  excitation  the  charging  and  discharging  of  the  con- 
densers through  a  nerve  is  the  more  effective  the  greater  the  capacity  of  the 
ctmdensers.  The  process  is  more  prolonged  if  the  condenser  is  large,  and 
the  effect  is  greater.*  Not  all  nerves  are  equally  susceptible  to  rapid  altera- 
tions of  the  intensity  of  the  current.  Non-medullated  nerves  do  not  appear 
to  react  as  readily  as  medullated  to  electric  currents  of  short  duration.  For 
instance,  the  nerves  of  the  claw  muscles  of  the  crab  are  not  readily  excited 
by  induced  currents,  and  respond  better  to  the  more  prolonged  influence  of 
the  closing  and  opening  of  battery  currents.^ 

The  question  now  arises.  Is  the  reaction  of  muscle  to  electric  currents  the 
same  as  that  of  nerves?  Experiment  shows  that  muscles  which  have  been 
removed  from  the  action  of  nerves,  by  means  of  curare,  differ  from  medullateil 
nerves  in  that  they  are  excited  more  vigorously  by  the  opening  and  closing  of 
battery  currents;  less  vigorously  by  making  and  breaking  induction  currents. 
This  latter  fact  is  well  seen  in  experiments  in  which  two  gastrocnemius 
nniscles  from  the  same  frog,  one  of  which  has  been  curarized  and  the  other 
not,  are  connected  with  an  induction  apparatus  in  series,  so  that  the  cur- 
rent shall  flow  through  them  both  in  the  same  direction.  If  the  primary 
current  be  made  and  broken,  the  non-curarized  muscle  will  respond  to  a 
weaker  indu(jtion  shock  than  the  curarized.  By  the  curarized  muscles  the  max- 
imal contraction  got  on  opening  and  closing  a  battery  current  is  both  higher 
and  more  prolonged  than  that  to  be  obtained  with  a  single  induction  shock. 
Unstriated  muscles  exhibit  this  difference  to  a  still  greater  degree  than 
striated  muscle ;  they  react  well  to  the  closing  of  battery  currents  of  medium 

*  Hermann:  Handbuck  der  PhyRwlngie,  BH.  ii.  Tlieil  1,  S.  88. 
'  Biederniann :  EUktrophyawlofjie,  1S95,  P>d.  ii.  S.  54<>. 
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When  haman  striated  mosde  ond^goes  degeDeratioo  as  a  reBolt  of  an  in- 

ry  to  its  nerve^  the  d^eneniting  muscle  oomes  to  resemble  normal  onstnated 
mosde  in  its  reactions  to  electridtVy  responding  feebly  to  induced  currentSy  at 
a  time  when  irritability  to  mechanical  stimuli  and  to  direct  battery  currents 
is  even  increased.  This  is  used  bv  clinicians  as  a  means  of  diagnosis  iji  the 
condition  of  the  n«xe  and  muscle. 

From  what  has  been  said  it  is  evident  that  the  rule  laid  down  by  Du  Bois- 
Beymond  (see  p.  32)  must  be  modified  in  so  far  that  there  is  for  eadi  tiasue 
a  limit  to  the  rate  at  which  a  change  of  intensity  of  the  electric  current  acts 
as  an  irritaut. 

{e)  Efett  of  the  Angle  at  which  the  Current  Enter*  and  Leates  the  3Iu9cie 
and  Nerve, — ^The  angle  at  whidi  the  current  acts  on  the  muscle-fibre  lias 
been  found  to  have  a  bearing  upon  its  power  to  stimulate.  Leicher*  succeeded 
in  obtaining  definite  experimental  evidence  that  when  the  current  Is  so  sent 
through  a  muscle  as  to  cross  it  at  right  augles  to  its  fibres  it  has  no  irritating 
effect,  and  that  its  power  to  stimulate  increases  as  the  angle  at  which  the 
threads  of  corrent  strike  the  muscle-fibres  decreases,  being  greatest  when  the 
current  passes  loi^tudinally  through  the  fibres. 

Similarly,  it  was  found  by  Albredit  and  Meyer  ^  that  the  irritating  elfect 
of  the  electric  current  is  most  active  when  it  flows  longitudinally  through  the 
nerve,  and  that  it  is  altogether  absent  when  it  flows  transversely  through  it. 
This  view  is  doubted  by  some  observers,  who  would  attribute  the  diflerenoe 
observed  to  differences  in  the  electrical  resistance.  It  is  true  that  the  resist- 
anoe  to  cross  transmission  is  greater  than  to  longitudinal  transmission,  but  it 
is  not  likely  that  this  difference  suffices  to  explain  the  lack  of  response  to  cor- 
rents  applied  at  right  angles  to  the  nerve-axis. 

Relative  ^ffieacy  of  the  above  Condiiions  upon  the  Irritating  Power  of  the 
Eleetrie  CurrenL — WTien  a  current  is  applied  to  an  irritable  part  of  a  nerve 
or  musde  at  an  angle  suitable  to  excitation,  the  stimulating  e£^  of  the  current 
depends  upon  the  rate  at  which  its  intensity  is  changed,  the  strength  and 
density  of  the  current,  i.  e.  its  intensity,  and  the  duration  of  the  current. 

Fick  *  gives  the  following  schema  (Fig.  24)  for  the  different  ways  in  which 
the  intensity  of  the  electric  current  may  be  varied,  and  compares  the  eflects 
of  these  diflerent  methods  of  application  of  the  current.  It  must  be  re- 
membered that  a  decrease  of  intensity  acts  no  less  than  an  increase  to  produce 
excitation.  In  the  aU^ve  schema  the  abscissa  represents  the  time,  and  the 
ordinateti  th*;  *tren^h,  of  the  current.  Suppose  the  rise  of  intensity  has  a 
form  ?iuch  a^  i*  r»^prerf-nted  in  a.  Figure  24 — that  is,  that  the  strength  of  the 
current  incrpaj-e*  to  a  ^non:-iderable  height,  but  very  slowly.  Such  a  rate  of 
change,  *fven  thrnj^rh  the  rise  of  intensity  were  continueil  until  tlie  strength  of 
current  wa*  xf-ry  ^restt,  wrnild  have  no  exciting  effect  iip»n  a  nerve  ami  might 

'  T7flJfr rn^AHn^m  ttHM  dem  pkynrjo^'mrh^n  Intiitnt  d^r  Vnir^ntifat  HoJU,  Heft  i.  S.  5. 
*  i>\irafj^.  ZHT  t^rgitu^niU  Pktjsi'jio^U  dfr  irritabUn  Subitanzfn,  Braunachweiir.  !>»»'». 
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Moreover,  by  a  given  rate  of  change  of  intensity,  the  stimulating  effect  varies 
with  the  strength  of  the  current  employed.  Pfliiger  in  his  celebrated  mono- 
graph, UrUersuchungen  vber  die  Physiologie  des  Ekktrotonus,  published  in 
Berlin,  1859,  p.  464,  formulated  the  following  rule  for  the  result  of  excitations 
under  varying  conditions : 

PftiJigei^8  Law  of  Contraction. 

Ascending  Current.  Descending  Current. 

Closing.  Opening.         Closing.         Opening. 

Weak  current Contr.  Rest.  Contr.  Rest. 

Medium  "       Ckintr.  Contr.  Contr.  Contr. 

Strong      "       Rest.  Contr.  Contr.  Rest. 

To  understand  this  so-called  "  law  of  contraction  *'  we  must  bear  in  mind 
certain  fundamental  facts,  namely  : 

a.  When  a  nerve  is  subjected  to  a  battery  current,  an  excitatory  process  is 
developed  in  the  part  of  the  nerve  near  the  kathode  when  the  current  is 
closed,  and  in  the  part  of  the  nerve  near  the  anode  when  the  current  is  o()ened 
(see  p.  38). 

b.  The  excitatory  process  developed  at  the  kathode  is  stronger  than  that 
developed  at  the  anode  (see  p.  38). 

c.  A  third  fact  which  is  of  no  less  importance,  and  which  will  be  considered 
in  detail  when  we  study  the  effects  of  the  constant  current  on  the  irritability 
and  conductivity  of  nerve  and  muscle  (see  p.  96),  is  the  following :  During 
the  time  that  a  strong  constant  current  is  flowing  through  a  nerve,  the  conduct- 
ing power  is  somewhat  lessened  in  the  part  to  which  the  kathode  is  applied,  and 
is  greatly  decreased,  or  altogether  lost,  in  the  region  of  the  anode ;  moreover, 
at  the  instant  that  the  current  is  withdrawn  fmm  the  nerve  the  conducting 
power  is  suddenly  restored  in  the  region  of  the  anode,  and  greatly  lessened,  or 
lost,  in  the  r^ion  of  the  kathode. 

Ascending  Current.  Descending  Current. 

K  A  A  K 

Weak  current.     *— ■g^^=  '^^  -^  =^===^=^^ 

t  \^ 1  t 

Medium  current.         >C       X   ^^^         Z^  )(        X- 

t  I  \  I 

Strong  current.     ^^^^^s^^^^^^T"  ^^  —^4" 

Fig.  25.— Diagram  illustrating  PflOger's  law. 

The  twelve  cases  included  in  the  above  table  can  be  represented  in  the  fol- 
lowing diagram  (Fig.  25),  in  which  a  cross  is  marked  at  the  part  of  the  nerve 


52  AN  AMERICAN    TEXT-BOOK    OF  PHYSIOLOGY. 

The  density  of  the  current  entering  any  structure  beneath  the  skin  will 
depend  in  part  upon  tlie  size  of  the  electrode  directly  over  it — that  is,  the 
amount  to  which  the  current  is 
concentrated  at  its  point  of  en- 
trance or  exit — In  part  on  the 
nearness  of  the  structure  to  the 
skin,  and  in  jiart  on  the  con- 
ductivity of  the  tissues  of  the 
oi^n  in  question  as  compared 
with  the  tissues  and  fluids 
about  it.  If  the  conditions  be 
such  as  are  given  in  Figure  27, 
the  current  will  not,  as  in  the 
case  of  the  isolated  nerve,  enter 
the  nerve  at  a  given  point,  flow 
longitudinally  through  it,  and 
then  leave  it  at  a  given  point ; 
Fid. 37.— Rough  ubema  of  acUve  threadf  of  cunent  bj  mOSt  of  the  threads  of  current 
(he  ordliuu7  ■ppllwtlon  of  electrode*  to  the  akin  over  a  ...  •  i       j- 

nerve  (ulMr  nerve  In  the  upper»rm).  The  Inactive  thread.  «""  paS3  at  var\ing  angles  dl- 
■reglveninaottcdllnea(aflerErb:Zi™MrN>IWioloirt<«>«'  affonallv  throuch  the  part  of 
Vuraple,  Bd.  111.  8. 78).  ■  i  i       .  .  . 

the  nerve  beneath  the  positive 
pole,  then  flow  through  the  fluids  and  tissues  about  the  nerve,  until,  at  a  point 
beneath  the  n^ative  pole,  the  concentrating  threads  of  current  again  pass 
through  the  nerve.  A  distinction  is  to  be  drawn  between  the  physical  and 
physiological  anode  and  kathode.  The  physical  anode  is  the  extremity  of  the 
positive  electrode,  and  the  physical  kathode  is  the  extremity  of  the  n^ative 
electrode;  the  physiological  anode  is  the  point  at  which  the  current  enters  the 
tissue  under  consideration,  and  the  physiological  kathode  is  the  point  where  it 
leaves  it.  There  is  a  physiological  anode  at  every  point  where  the  current 
enters  the  nerve,  and  a  physiological  kathode  at  every  point  where  it  leaves  the 
nerve;  therefore  there  is  a  physiological  anode  and  kathode,  or  groups  of 
anodes  and  kathodes,  for  the  part  of  the  nerve  beneath  the  i>oeitive  electrode, 
and  another  physiological  anode  and  kathode,  or  collection  of  anodes  and 
kathodes,  for  the  part  of  the  nerve  beneath  the  negative  electroile. 

To  understand  the  effect  upon  the  normal  human  nerve  of  opening  and 
closing  the  battery  current,  it  is  necessary  to  bear  in  mind  three  facts,  viz. : 

1.  At  the  moment  that  a  battery  current  is  closed,  an  irritating  process  is 
developed  at  the  physiological  kathode,  and  when  it  is  opened,  at  the  physio- 
logical anode. 

2.  The  irritating  process  developed  at  the  kathode  on  the  closing  of  the 
current  is  stronger  than  that  developed  at  the  anode  on  the  opening  of  the 
current. 

3.  The  effect  of  the  current  is  greatest  where  its  density  is  greatest, 

The  amount  of  the  irritation  process  developed  in  a  motor  nerve  is  esti- 
mated from  the  amount  of  the  contraction  of  the  muscle.     The  contraction 
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l)eiieath  the  physical  auode,  than  in  the  region  of  tlie  physiological  anode, 
beneath  the  physical  kathode. 

These  differences  in  the  strength  of  the  irritation  process  developed  in  these 
different  regions  is  well  shown  by  examining  the  reaction  of  nerves  to  cur- 
rents of  gradually  increasing  strength.  The  effect  of  the  opening  and  closing 
irritation  is  seen  to  l)e  as  follows : 

Weak  currents.  Medium  currents.  Strong  currents. 

KCC  KCC  KCC 

ACX:^  ACC 

AOC  AOC 

—  KOC 

The  natural  order,  therefore,  would  be  KCC,  ACC,  AOC,  KOC.  Some- 
times, however,  AOC  is  stronger  than  ACC ;  this  happens  when  on  account 
of  the  relation  of  the  surrounding  tissues  to  the  nerve  the  density  of  the  cur- 
rent at  the  physiological  anode  is  great  as  compared  with  the  density  at  the 
physiological  kathode.  Bordier '  tested  the  strength  of  battery  current  neces- 
sary to  awaken  minimal  sensations  by  unipolar  excitations,  and  found  the 
effect  to  be  greatest  by  KC,  then  AC,  then  AO  ;  and  that  it  was  least  by  KO — 
t.  f.,  sensory  behave  like  motor  nerves. 

In  testing  the  effect  of  the  battery  current  on  the  nerves  and  muscles  of 
man,  it  is  customary  to  use  one  small  and  one  large  electrode  (Fig.  6,  d,  €,/). 
The  small  electHxle  is  placed  over  the  part  to  l>e  stimulated,  while  the  large 
electrode  is  put  over  some  distant  portion  of  the  body.  This  arrangement 
causes  the  current  to  be  condensed,  and  hence  efficient,  when  it  enters  or 
leaves  the  small  exciting  electrode,  and  to  be  diffused,  and  hence  ineffective, 
at  the  large  indifferent  electrmle.  For  example,  the  indifferent  electrcnle 
may  be  placed  on  the  sternum  or  over  the  back  of  the  neck,  while  the  excit- 
ing ele<itrode  may  be  put  over  the  ulnar  nerve  at  the  elbow.  The  two  jjoles 
may  be  connected  with  the  battery,  a  pole-changer,  rheostat,  milliampdremeter, 
and  exciting-key  being  introduced  in  the  circuit.  The  pole-changer  permits 
the  exciting  pole  to  be  made  A  or  K  at  the  wish  of  the  operator,  the  rheostat 
allows  the  strength  of  current  to  be  raised  gradually,  and  the  milliamp^re- 
met<»r  shows  the  strength  of  the  current  employed.  With  this  arrangement 
the  reaction  of  the  nerve  can  be  readilv  tested. 

When  the  currents  employed  are  strong,  it  occasionally  happens  in  the 
case  of  men  that  not  only  are  the  make  and  break  followed  by  the  usual  rapid 
contractions  of  short  duration,  but  during  the  closure  of  the  current  there  is 
a  continued  contraction — galvanotonous,  as  it  is  sometimes  called.  This  is 
especially  seen  under  certain  pathological  conditions. 

When  the  nerve  or  muscle  is  diseased  we  may  have  the  above  order 
changed,  and  ACC  obtained  with  weaker  currents  than  KCC,  and  KOC  than 
AOC  (Babinski)^     This  is  known  as  the  reaction  of  degeneration.     Under 

*  Bordier:  Archirea  de  Phyaiologie  nomuile  et  Pathohgigue,  1897,  pp  543-563. 

*  Bahinski :   Qyinptes  rendus  de  la  Society  de  Biohyiey  1899,  p.  343. 
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of  the  nerve.  A  nerve  can  be  irritated  thirty  to  forty  times,  at  intervals  of 
three  to  four  minutes,  by  blows  from  a  weight  of  0.485  gram,  falling  1  to  20 
millimeters,  the  contractions  of  the  muscle,  weighted  with  30  to  50  grams, 
varying  from  minimal  to  from  3  to  4  millimeters  in  height.  Rapidly  following 
light  blows  or  twitches  applied  to  a  motor  nerve,  by  the  tetanomotorof  Heiden- 
hain  or  Tigerstedt,  excite  a  series  of  contractions  in  the  corresponding  muscles 
which  fuse  more  or  less  into  a  form  of  continuous  contraction,  known  as 
tetanus. 

Not  only  may  a  nerve  be  excited  by  bringing  sudden  pressure  to  bear  on  it, 
but  the  sudden  removal  of  weights  or  a  sudden  lessening  of  tension  irritates.* 
Kiihno  long  ago  called  attention  to  the  excitation  of  sensory  fibres  of  the 
ulnar  nerve  of  man  (m  the  removal  of  pressure.  The  cause  is  probably  the 
irregular  return  of  the  semi-fluid  parts  of  the  nerve  to  their  normal  relations. 

Mechanical  applications  to  nerve  and  muscle  first  increase  and  later  lessen 
and  destroy  the  irritability.  Thus  pressure  gradually  applied  first  increases 
and  later  reduces  the  power  to  respond  to  irritants.  Stretching  a  nerve  acts  in 
a  similar  way,  for  this  also  is  a  form  of  pressure ;  as  Valentin  said,  the  stretch- 
ing causes  the  outer  sheath  of  the  nerve  to  compress  the  myelin,  and  this  in 
turn  to  compress  the  axis-cylinder.  Tigerstedt  states  :^  "  From  a  tension  of 
0  up  to  20  grams  the  irritability  of  the  nerve  is  continually  increased,  but 
it  lessens  as  soon  as  the  weight  is  further  increased." 

Surgically  the  stretching  of  nerves  is  sometimes  employed  to  destroy  their 
excitability.  Slight  stretching  heightens  the  excitability  and  even  quite  vigor- 
ous stretching  has  only  a  tem{)orary  depressing  effect  unless  it  be  carried  to 
the  point  of  doing  positive  injury  to  the  axis-cylinder,  and  of  causing  d^en- 
eration.  As  nerves  have  the  i>ower  to  regenerate,  they  may  recover  from  even 
such  an  injury. 

The  irritability  of  muscles  is  likewise  increased  by  moderate  stretching  and 
destroyed  if  it  be  excessive.  Thus  slight  stretching  produced  by  a  weight 
causes  a  muscle  to  respond  more  vigorously  to  irritants.  Similarly  tension  of 
the  muscles  of  the  1^,  produced  by  slight  over-flexion  or  extension,  makes 
them  more  irritable  to  reflex  stimuli,  as  in  the  case  of  the  knee-jerk  and  ankle- 
clonus.  Tension  must  be  very  marked  to  permanently  alter  the  irritability  of 
the  muscles. 

Efed  of  Temperature. — Changes  in  temperature,  if  sudden  and  extreme, 
irritate  nerves  and  muscles.  If  the  nerve  or  muscle  be  quickly  frozen  or 
plunged  into  a  hot  fluid  it  will  be  excited  and  the  muscle  be  seen  to  contract 
The  cause  of  the  irritation  has  been  attributed  to  mechanical  or  chemical 
alterations  produced  by  the  change  of  temperature.  The  ulnar  nerve  at  the 
elbow  is  excited  if  the  part  be  dipped  into  ice-water  and  allowed  to  remain 
there  until  the  cold  has  had  time  to  i)enetrate ;  as  is  ])roved  by  the  fact  that  in 
addition  to  the  sensations  fn)m  the  skin,  pain  is  felt  which  is  attributed  by  the 
subject  of  the  experiment  to  the  region  supplied  by  the  nerve.     As  the  effect 

»  V.  Uxhiill:  Zeitsehrift  fiir  Biofogie,  1894,  Bd.  xxxi.  S.  148 ;  1895,  Bd.  xxxii.  S.  4.'«. 
*  Op.  eit.,  S.  43. 
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slows  chemical  processes  and  increases  the  endurance.  It  is  noticeable  that 
nerves  and  muscles  remain  irritable  much  longer  than  ordinarily  in  case  tlie 
body  be  cooled  l)efore  their  removal.  In  the  case  of  a  mammal,  the  irritabilitv 
may  last  from  six  to  eight  hours  instead  of  two  and  a  half,  while  in  the  case 
of  frogs  it  may  be  preserved  at  0°  for  ten  days,  although  at  summer  heat  it  lasts 
t)nly  twenty-four  hours.  In  the  case  of  frogs  which  have  been  kept  at  a  low 
temperature  the  irritability  becomes  abnormally  high  when  they  are  warmed 
to  ordinary  room-temperature. 

Effect  of  Cliemicala  and  Drugs. — The  irritability  of  nerve  and  muscle  proto- 
plasm is  markedly  influenced  by  even  slight  changes  in  its  constitution.  If 
a  nerve  or  muscle  be  allowed  to  lie  in  a  liquid  of  a  diflerent  composition  from 
its  own  fluid,  and  especially  if  such  a  liquid  l)e  injected  into  its  blood-vessels, 
an  interchange  of  materials  takes  place  which  results  in  an  alteration  of  the 
constitution  of  the  tissue  and  a  change  in  its  irritability.  Imleed,  the  only 
solutions  which  fail  to  alter  the  irritability  are  those  which  closely  resemble 
serum  and  lymph.  Fluids  having  other  than  the  normal  percentage  of  salts 
have  a  marked  effect,  while  even  the  absence  of  proteids  appears  to  have  little 
influence  unless  continued  for  a  considerable  time. 

Pure  water  acts  as  a  poison  to  protoplasm,  soon  destroying  its  life. 
Through  diffusion  and  osmosis  it  is  imbibed  into  the  cells  at  the  same  time 
that  the  salts  pass  out,  and  the  resulting  change  in  the  physical  and  chemical 
condition  of  the  tissue  cause  if  rapid,  first  an  increase,  and  in  any  case 
later  a  decrease,  and  finally  a  total  loss  of  irritability.  Thus  water  injected 
into  the  blood-vessels  of  muscles  first  excites  contraction  and  later  destroys 
the  irritability,  and  results  in  tlie  condition  known  as  water  rigor.  These 
effects  are  prevented  by  the  presence  of  small  amounts  of  salt.  A  sodium 
chloride  solution,  of  a  strength  of  6  parts  per  10()0  of  distilled  water,  has 
been  called  the  physiological  solution,  because  it  was  supposed  to  have  no 
effect  on  the  irritability  of  nerves  and  muscles  of  col(l-bloode<I  animals ;  even 
this  solution,  if  long  continued,  gradually  increases  and  later  decreases  the 
irritability.  A  solution  containing  7  parts  of  sodium  chloride  per  1000  is 
more  nearly  isotonic  to  the  fluids  of  cells  of  the  frog,  and  <me  containing  9 
parts  per  1000  is  approximately  in  osmotic  ('(juilibrium  with  the  fluids  of  the 
cells  of  the  mammal.  Such  fluids  cannot  he  properly  regarded  as  physio- 
logical solutions,  however,  for  this  would  mean  that  they  would  cause  no 
change  in  constitution  of  the  cells.  They  contain  only  one  of  the  salts  essen- 
tial to  the  normal  activity  of  the  tissues,  and  the  difference  in  the  partial 
pressure  of  the  other  salts  of  the  muscle  would  cause  the  muscle  cells  to  lose 
some  of  each  of  these,  and,  as  a  result,  to  have  their  irritability  altered.  The 
importance  of  the  individual  salts  present  in  the  fluids  normally  surrounding 
the  tissues,  and  the  need  that  they  should  be  present  iu  <lefinite  pro|)ortions, 
were  most  strikingly  demonstrated  by  (experiments,  by  Ringer  and  others,  on 
the  nature  of  the  fluid  which  is  essential  to  the  maintenance  of  the  activity 
of  the  isolated  heart  of  the  frog.  These  experiments  have  shown  that  not 
only  Xa,  but  Ca  and  K  are  essential.     The  heart  of  the  terrapin  can  be  kept 
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shows  irregular  contractions,  as  the  diflferent  fibres  of  the  nerve  are  one  after 
the  other  aficcted.  If  the  drying  has  not  been  continued  too  long,  the  normal 
irritability  may  be  restored  by  supplying  water.  Muscles  behave  like  nerves 
in  these  respects. 

Most  drugs  and  chemicals  capable  of  altering  the  irritability  of  nerves  and 
muscles  first  increase  and  later  destroy  the  irritability.  If  the  change  in  the 
chemical  constitution  of  the  nerve  is  sufficiently  rapid,  it  may  be  accompanied 
by  the  phenomena  of  excitation.  For  example,  veratria,  eserin,  digitalis, 
most  mineral  acids,  and  many  organic  acids,  free  alkalies,  most  salts  of  heavy 
metals,  destroy  the  irritability  of  nerves  and  muscles,  as  a  rule  after  first  pro- 
ducing increased  excitability.  Potash  salts,  if  concentrated,  rapidly  kill,  but 
excite  less  than  soda  compounds.  Verworn  says :  Acids,  alkalies,  and  salts 
have  a  similar  eflect  on  the  protoplasm  of  a  thick  pseudopod  of  one  of  the 
rhizopods  of  the  Red  Sea ;  they  first  excite  and  later  paralyze,  acting  like 
narcotics  on  the  central  nervous  system. 

Ammonia,  carbon  disulphide,  and  ethereal  oils  may  destroy  the  irritability 
of  nerves  without  causing  excitations,  at  least  not  in  sufficient  amount  to 
produce  visible  muscular  contractions.  If  applied  directly  to  the  muscle, 
however,  these  substances  excite  contractions. 

The  attempt  to  ascertain  some  exact  relation  between  the  molecular 
weight  of  different  salts  and  acids  and  their  destructive  power  has  encoun- 
tered too  many  exceptions  for  the  establishment  of  any  definite  rule ;  in 
general,  however,  the  higher  the  molecular  weight  the  stronger  the  eff"ect  on 
the  muscle.*  Many  gases  and  vapors  have  a  marked  effect  on  the  irri- 
tability and  activity  of  protoplasm.'^  Carbonic-acid  gas,  tobacco-smoke,  the 
fumes  of  ether,  alcohol,  and  chloroform,  applied  directly  to  exposed  nerves, 
first  stimulate,  later  anaesthetize,  and  finally  kill.  Ci\  has  a  very  powerful 
effect,  even  a  fiftieth  of  a  milligram  sufficing  to  influence  profoundly  the 
activity  of  the  protoplasm  of  the  nerve,  a  fact  of  considerable  importance  if 
we  recall  that  this  gas  is  pnKluced  by  the  normal  oxidation  of  carbon  within 
the  tissues  of  the  body.  Tobacco-smoke  acts  like  COj  and  probably  because 
of  the  COj  which  it  contains.  Alcohol  first  excites  and  then  paralyzes  the 
nerve.  If  the  fumes  of  alcohol  have  not  acted  for  too  long  a  time,  the  para- 
Ivzed  nerve  mav  recover  its  function,  and  the  same  is  true  for  ether  and 
chloroform.  These  vapors,  if  present  in  considerable  quantities  act  rapidly 
upon  exposed  nerves  ;  thus  ether  (diethyl  oxide)  will  anaesthetize  a  nerve  in 
three  minutes ;  if  the  drug  be  then  removed,  the  nerve  can  completely  recover 
in  five  minutes.  Chloroform  would  appear  to  be  a  more  dangerous  anaes- 
thetic than  ether,  as  recover}'  of  the  nerve  is  less  likely  to  occur  in  case  the 
anaesthetic  action  is  somewhat  prolonged.  Many  oUht  gases  and  fumes 
chemically  irritate  and  kill  nerve-muscle  protoplasm. 

From  all  these  results  it  becomes  evident  that  the  normal  irritability  of 

»  Blumenthal :  Pfluget^s  Arrhir,  1806,  Bd.  62,  S.  513. 

'Waller:  Lectures  on  Physiology,  first  series,  "On  Animal  Electricity,"  London,  1897,  pp. 
42-46. 
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out,  and  make  a  little  vesicle  at  the  region  of  the  anode.  A  similar  inhibitor}^ 
influence  may  be  observed  upon  an  ordinary  striated  muscle  at  the  point  of 
application  of  the  anode,  if  it  be  in  a  condition  of  tonic  contraction  when  the 
battery  current  is  sent  into  it.  During  the  flow  of  the  constant  current  through 
a  muscle,  the  irritability  is  increased  in  the  region  of  the  kathode  and  decreased 
in  the  region  of  the  anode.  When  the  current  is  withdrawn  from  the  muscle, 
on  the  other  hand,  the  irritability  of  the  kathode  is  found  to  be  decreased,  and 
at  the  anode  to  be  increased. 

Effed.  of  the  Electric  CuiTent  upon  Nerves. — The  polarizing  effects  of  a  con- 
tinuous constant  current  are  the  same  upon  a  nerve  as  upon  a  muscle,  with  the 
exception  that  in  the  case  of  the  nerve  the  condition  of  altered  irritability  is 
not  so  strictly  limited  to  the  point  of  application  of  the  anode  and  kathode,  but 
spreads  thence  throughout  the  part  of  the  nerve  between  the  two  electrodes,  the 
intrapolar  region,  as  it  is  called,  and  for  a  considerable  distance  into  the  parts 
of  the  nerve  through  which  the  current  does  not  flow,  i.  e.  the  extrapolar  region. 
The  term  electrotonus  has  been  applied  to  the  effects  of  battery  currents  on 
nerves  and  muscles,  and  includes  two  sets  of  changes — (1)  manifested  by  the 
alterations  of  irritability  which  we  are  considering;  (2)  exhibited  in  changes 
of  the  electrical  condition  of  the  tissue. 

There  can  l)e  little  doubt  that  both  of  these  sets  of  changes  are  the  result 
of  electrolytic  alterations  of  the  nerve  protoplasm,  caused  by  the  flow  of  the 
polarizing  current.  We  shall  consider  here  only  the  former  of  these  sets  of 
changes.  The  true  nature  of  the  electrotonic  changes  of  the  electrical  condi- 
tion of  the  nerve,  and  their  relation  to  the  nerve  impulse,  embrace  a  number 
of  difficult  problems,  which  are  still  under  discussion  and  cannot  be  profit- 
ably considered  here.* 

The  most  important  work  on  the  influence  of  the  constant  current  on  the 
irritability  of  nerves  was  done  by  Pfliiger.^  He  ascertained  the  electrotonic 
effects  of  the  polarizing  current  to  be  most  vigorous  in  the  immediate  vicinity 
of  the  anode  and  kathode,  and  to  spread  thence  in  both  directions  along  the 
nerve.  He  called  the  change  produced  in  the  nerve  in  the  region  of  the 
anode  "  anelectrotonic,"  and  the  condition  itself  "  anelectrotonus ;"  while  the 
change  at  the  kathode  was  termed  "  katelectrotonic,"  and  the  condition 
"  katelectrotonus."  The  same  names  are  given  to  the  effects  of  battery  cur- 
rents upon  muscles. 

To  test  the  effect  of  a  constant  battery  current  upon  the  irritability  of  a 
nerve,  put  the  nerve  of  a  nerve-muscle  preparation  upon  two  non-polarizable 
electrodes  {A,  K,  Fig.  29)  which  are  placed  at  some  little  distance  apart  and 
at  a  considerable  distance  from  the  muscle.  Connect  these  electrodes  with  a 
battery,  introducing  into  the  circuit  a  key  (k),  which  permits  the  current  to 
be  quickly  thrown  into  or  removed  from  the  nerve,  and  a  commutator  (C), 
which  allows  the  current  to  be  reversed  and  to  be  sent  through  the  nerve  in 

*  Waller:  hectares  on  Animal  Electricity,  Ix>ndoD,  1897;  Biedermann:  EUdrophysiofoffyf 
translated  bv  F.  A.  Welbv,  1898,  vol.  ii. 

*  Pfliiger:   UrUersuchungen  Ober  die  Physiologie  des  Electrotonus^  Berlin,  1859. 
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movement,  and  shocks  of  medium  strength,  if  given  at  short  intervals,  may 
each  cause  a  larger  contraction  than  its  predecessor,  until  a  certain  height  of 
contraction  has  been  reached,  beyond  which  there  is  no  further  increase  pos- 
sible. We  shall  consider  these  so-called  "staircase  contractions"  more  care- 
fully later  (see  page  112).  When  irritations  follow  each  other  very  rapidly 
the  whole  character  of  the  contraction  is  changed,  and  the  muscle,  instead  of 
making  rapid  single  contractions,  enters  into  the  condition  of  apparently  con- 
tinuous contraction  known  as  tetanus,  during  which  it  shortens  considerably 
more  than  it  does  when  making  single  contractions.  Increase  in  irritability 
plays  only  a  comparatively  small  part  in  the  production  of  this  remarkable 
phenomenon,  which  we  shall  study  more  carefully  when  we  come  to  the 
mechanical  [)roblems  involved  in  muscular  contractions. 

Rapidly  repeated  stimuli,  though  at  first  favorable  to  activity  of  a  nmsc^le, 
soon  exert  an  unfavorable  influence  by  causing  the  lessened  irritability  which 
is  associated  with  fatigue. 

When  a  nerve  is  excited  there  is  a  change  in  its  electrical  condition,  and 
the  extent  of  the  change  is  generally  believed  to  be  an  indication  of  the 
extent  to  which  the  protoplasm  of  the  nerve  has  become  active  in  response* 
to  excitation.  Waller,*  taking  the  amount  of  change  in  the  electrical 
condition  of  the  nerve  as  an  evidence  of  the  ability  of  the  protoplasm  to 
react  under  varying  conditions,  found  that  repeated  excitation  increases  the 
activity  of  the  nerve  as  it  does  of  the  muscle.  Repeated  excitation  of  a 
nerve  at  suitable,  regular  intervals  causes  a  staircase-like  increase  in  the 
strength  of  the  electrical  resiK)nse,  the  record  resembling  that  got  by  stair- 
case contractions  of  muscles  (see  page  112).  Moreover,  if  the  electrical  con- 
dition of  the  nerve  is  tested  by  a  series  of  excitations  of  ecjual  strength 
before  and  after  it  is  subjected  to  a  tetanizing  current,  the  strtMigth  of  the 
variations  is  found  to  be  incn^ased. 

If  a  second  stimulus  follows  the  first  too  soon,  it  mav  be  whollv  ineffec- 
tive ;  at  least  this  has  been  found  to  be  tlie  case  with  certain  forms  of  proto- 
plasm. It  has  been  shown  that  heart  muscle  has  a  "  refractory  period,"  as  it 
is  called,  responding  very  imi>erfectly  to  stimuli  applied  to  it  just  l)efore 
and  during  its  systole.^  Apparently  much  the  same  is  true  of  the  nerve. 
Boycott,*'*  using  contraction  of  nuiscle  as  a  t(*st,  and  Gotch  and  Burch,*  using 
the  current  of  action  as  a  test,  have  latt»ly  dis(»over(»d  that  for  a  brief  period 
after  the  nerve  has  been  stimulated  it  is  incapable  of  resjMmding  to  a  s^H'ond 
stimulus.  The  length  of  the  jx^riml  of  lessened  excitability  is  greatly  influ- 
enced by  temperature ;  at  4°  C,  with  maximal  stinnili,  the  "  critical  |>eriod  " 
m.ay  be  0.007-0.008  second ;  at  higher  teniperatun»s  it  is  shorter. 

(h)  InflneneeH  which  favor  the  maintenance   of  the  Normal   Physiological 

Condition  of  \erre  and  Munch. — J'ifcci  of  Blood-mipphf  on  Nerve  and  MnncJe. 

— The  vascular  system  is  a  path  of  communication  between  the  several  oi^ns 

*  Waller:  Lfctureji  on  Phyaiology,  first  series,  1897,  p.  G8. 

'  Cushing:  Jounuil  of  Phynohgy^  1897,  vol.  xxi.  p.  214. 

»  Boycott:  /frir/.,  1899,  vol.  xxiv.  p.  144.  ♦  (lotch  and  Burrh :  Ibid.,  p.  410. 
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for  mechanical  irritants  an<l  for  direct  battery  currents  (see  p.  54)  beginning  to 
increase,  but  the  power  to  respond  to  electric  currents  of  short  dumtion, 
as  induction  shocks,  continuing  to  lessen ;  indeed,  the  reactions  of  the 
muscle  apjiear  to  take  on  more  of  the  character  of  those  of  smooth  muscle- 
fibres.  The  condition  of  increasing  irritability  to  direct  batterv  currents  and 
mechanical  irritants  i^eaches  its  maximum  by  the  end  of  the  seventh  week, 
and  from  that  time  on  the  power  to  respond  to  all  forms  of  stimuli  lessens, 
the  excitability  being  wholly  lost  by  the  end  of  the  seventh  or  eighth  month. 
During  the  stage  of  increased  excitability  fibrillary  contractions  are  often 
observed. 

As  in  the  ciise  of  a  nerve,  so  of  the  muscle  the  loss  of  irritability  is  due  to 
degenerative  changes  which  gradually  lead  to  the  destruction  of  the  mns<*le 
protoplasm.  The  cause  of  the  change  in  the  muscle  is  still  a  matter  of  doubt, 
some  regarding  it  as  due  to  the  absence  of  some  nutritive,  trophic  influence 
from  the  central  nervous  system,  others  consider  it  to  be  the  result  of*  cir- 
culatory  disturbances,  consequent  ujwn  the  lack  of  a  proper  regulation  of  the 
blood-supply,  due  to  the  division  of  the  vaso-motor  nerves,  and  still  others 
attribute  it  to  a  lack  of  exercise,  it  being  no  longer  stimulate<l  to  action.  As 
regards  the  second  vie\v,  it  may  be  siiid  that  muscles  whose  vaso-motor 
nerves  are  intiict,  the  vessels  being  innervated  through  other  nerves  than 
thase  which  supply  the  muscle-tissue  projR^r,  as  is  th(»  case  with  some  of  the 
facial  muscles,  undergo  similar  changes  in  irritability  when  their  motor 
nerves  are  cut.  As  regards  the  first  and  last  views,  it  may  be  sai<l  that  if 
the  muscles  be  artificially  excited,  as  bv  electric  stimuli,  and  thus  are  exer- 
cised  daily,  the  coming  on  of  d(»generation  can  be  at  least  greatly  delayed. 
The  question  as  to  whether  tlui  anabolic  processes  within  the  musi;le-cell 
are  depi^ndent  on  the  central  nervous  system,  in  the  sense  of  their  being 
specific!  trophic  influences  sent  from  the  nerve-cells  to  the  muscles,  is  still 
under  discussion  and  need  not  be  considered  further  in  this  place.  Without 
doubt  the  reflex  tonus  impulses  which  during  waking  hours  are  all  the  time 
coming  to  the  muscles  are  productive  of  katabolic  changes  and,  indirectly  at 
least,  favor  anabolism. 

(c)  Effect  of  InfltienceA  which  rcffulf  from  the  Functional  Aciivrify  of  Nerves 
and  Muscles. — Fatigue  of  Musdcs. — The  condition  of  muscular  fatigue  is  cha- 
racterized by  lessened  irritability,  decrease  in  the  rate  and  vigor  with  which 
the  muscle  contracts  and  liberates  energy,  and  a  still  greater  decrease  in  the 
rate  with  which  it  relaxes  and  recovers  its  normal  form.  In  a  sense,  whatever 
induces  such. a  state  can  be  said  to  cause  fatigue,  but  it  is  ])erhaps  best  to 
restrict  tlie  term  to  the  form  of  fatigue  which  is  prcMluced  by  excessive 
functi(mal  activity.  The  cause  of  exhaustion  which  n»sults  from  over- 
work  is  in  part  the  same  as  the  cause  of  the  loss  of  irritiibility  and  j>ower 
which  follows  the  cutting  off  of  the  blood-supply.  The  working  cell  liberates 
energy  at  the  expense  of  its  store  of  nutriment  and  oxygen,  and  through  oxi- 
dation processes  forms  waste  products  which  ai'e  poisonous  to  its  protoplasm. 
The  fatigue  which  results  from  functional  activity  has,  therefore,  a  twofold 
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bringing  of  nutriment  and  oxygen  and  the  removal  of  waste  matters  under 
ordinary  conditions. 

Considerable  difference  of  opinion  exists  as  to  which  of  three  classes  of 
food-stuffs — proteids,  carbohydrates,  and  fats — supply  the  energy  used  by  the 
muscle  in  ordinary  and  excessive  work,  and  how  these  are  employed  by  the 
muscle. 

The  question  has  been  studied  by  examining  the  character  and  quantity 
of  wa.ste  products  lil>erated  irom  the  body  during  and  after  excessive  mus- 
cular work,  as  compared  with  those  given  off'  when  the  subject  is  at  rest. 
Another  m(?thod  has  been  to  test  the  strength  of  the  muscle  in  ergographic 
experiments,  and  to  find  the  effect  of  different  kinds  of  food  upon  the  time 
required  for  its  recovery.  Experiments  of  Kick  and  Wislicenus,^  Voit  and 
Pettenkofer,^  \^oit,'  and  others  caused  the  view  to  become  generally  accepttKl 
that  the  energy  of  the  muscle  by  violent  muscular  work  comes  largely  from 
the  non-proteid  substances  in  the  muscles.  I^ater  Pfliiger  and  his  pupils 
have  gone  to  the  other  extreme  and  conclude  that  proteid  is  the  chief  source 
of  energy.* 

A^ery  many  others  have  written  on  both  sides  of  the  subject  and  still  a 
final  conclusion  has  not  been  reached.* 

Probably  the  sugars,  and  possibly  after  these  the  fats  are  employed  by  the 
muscle  as  the  most  available  form  of  cjnergy,  while  the  pn»teid  forms  a  more 
permanent  part  of  the  muscular  ma(;hine,  and  is  only  made  use  of  when  the 
work  is  exhaustive  (see  page  166).  The  taking  of  any  one  of  these  classes 
of  f(M)d  hastens  the  recovery  from  fatigue,  and  the  sooner  the  more  readily  it 
is  digested  and  assimilated  (see  Metabolism — effect  of  muscular  work). 

Normally  the  muscles  are  never  completely  fatigued.  It  would  seem 
that  as  the  muscles  tire  and  their  irritability  is  lessened,  the  central  nerve- 
cells  which  send  the  stimulating  impulses  to  them  have  to  work  harder, 
and  that  the  nerve-cells  give  out  sooner  than  the  muscles.  On  the  other 
hand,  certain  exj)eriments  seem  to  show  that  the  nerve-cells  recover  from 
fatigue  more  rapidly  than  the  muscles  do,  so  that  it  is  an  advantage  to 
the  organism  that  they  should  cease  to  excite  the  muscles  before  muscular 
fatigue  is  complete.  With  the  decreasing  irritability  of  the  muscle,  a  feeling 
of  discomfort  in  the  muscle  and  an  increasing  sense  of  effort  are  experienced 
by  the  individual,  both  of  which  tend  to  cause  a  cessation  of  contraction,  and 
prevent  a  harmful  amount  of  work.  That  such  an  arrangement  would  l)e  of 
service  was  apparent  in  the  experiments  of  Maggiora,  in  which  he  found  that 
if  muscles  are  forced  to  work  after  fatigue  has  develo[>ed,  the  time  of  recovery 
is  prolonged  out  of  all  proportion  to  the  extra  work  a(»complished. 

At  the  <rlose  of  oven  exhaustive  muscular  work  there  is  always  a  large 
amount  of  energy-holding  materials  in  the  blood  and  tissues,  and  the  rapid, 

*  Vterteljahresschnfl  der  nalurforsche  OeselUcha/t  in  Zurichy  1865,  Bd.  x.  S.  317. 
»  Zatschnft  fur  Hiologxe,  186G,  Bd.  ii.  »  Ibtd.,  1876,  Bd.  vi.  S.  305. 

*  Pfluger's  Archiv,  1899,  Bd.  77,  S.  425. 

*  Schafer*s  Text-hook  of  Physiology,  1898,  vol.  i.  p   912. 
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mechanical  excitation  of  one  part  of  it  might  lead  to  a  contraction  of  the 
whole.  Similarly,  a  partly  dried-np  frog  may  be  seen,  if  mechanically 
excited,  to  make  movements  simulating  life.  The  cause  of  these  movements, 
also,  is  not  understood.  Drying  of  the  muscle  in  its  early  stages  greatly 
increases  its  irritability  because  of  the  concentration  of  the  salts,  but  that 
does  not  account  for  the  loss  of  insulation. 

Transmission  of  Excitation  by  Means  of  End-organs. — In  spite  of  the 
rapid  advances  which  have  been  -made  in  the  histology  and  physiology  of  the 
nervous  system  during  the  past  few  years,  we  are  still  in  doubt  as  to  the  exact 
way  that  the  axone,  the  exciting  branch  of  the  neurone,  stimulates  the  cell 

to  which  it  is  distributed.  In  many 
cases,  at  least,  the  axone  terminates  in  an 
end-orgjm  which  is  physiologically  dif- 
ferent fn)ni  the  rest  of  the  cell,  and  this 
end-organ  is  the  exciting  agent.  The 
relation  of  the  protoplasm  of  the  end- 
organ  to  the  protoplasm  of  the  cell  which 
it  stimulates,  whether  one  of  continuity 
or  contiguity,  is  not  certain,  but  most 
histological  and  physiological  observa- 
tions are  distinctly  in  favor  of  the  latter 
view. 

The  physiology  of  th(»  (^nd-organs  of 
motor  axones  distributed  to  striated 
muscles  is  best  known. 

F'ig.  31  shows  a  surface  view  and 
a  longitudinal  and  cross-section  of  the 
end-organ  of  an  axone  supplying  a  voluntary  muscle  of  a  rabbit.  The  axis- 
cylinder  loses  its  medullary  shefith  shortly  before  reaching  the  fibre,  and  the 
neurilemma  becomes  continuous  with  the  sarcolemma,  so  that  the  axis-cylin- 
der on  penetrating  the  sarcolemma  comes  into  direct  contact  with  the  sarco- 
plasma  of  the  muscle.  The  sarcoplasma  is  heaped  together  at  this  place, 
making  a  little  mound,  and  the  axis-cylinder,  after  dividing  into  a  number 
of  fine  terminal  twigs,  ends  in  the  midst  of  this  mass  of  sarcoplasma.  Evi- 
dently the  nerve  and  muscle  protoplasm  come  into  very  close  relation.  On 
the  other  hand,  nerve  and  muscle  protoplasm  retain  each  its  peculiar  reaction 
to  staining-fluids,  and  as  far  as  these  chemical  reactions  can  show  each  main- 
tains its  peculiar  chemical  and  histological  structure.  Moreover,  the  results 
of  physiological  experimentation  have  shown  that,  although  no  definite  histo- 
logical boundary  has  been  found  between  the  axone  and  its  terminal  orgsui, 
the  exciting  organ  must  be  considered  to  be  a  specially  differentiated  struct- 
ure, differing  widely  from  the  rest  of  the  neurone. 

The  motor  end-organ  uses  up  more  time  in  the  excitation  of  the  muscle 
than  would  be  required  for  transmission  of  the  excitation  through  a  like 
amount  of  nerve-  or  muscle-substance.     It  is  found  by  ex{>eriment  that  a 


Fio.  31.— Nerve  termination  in  voluntary 
muscle  of  the  rabbit,  stained  in  inetliykMi-blue 
{intra  vitam),  flxed,  sectioned,  and  counter- 
stained  in  alum  carmin.  A,  surface  view .  B, 
longitudinal  section  through  nerve  term i na- 
tion and  muscle- fibre,  C.  cross-section:  >', 
sarcolemma:  n.  /.,  neurilemma.  (From  Text- 
bwtk  0/  Histology,  Bohm  and  Davidofl",  revised 
by  O.  C.  Huber.  W.  B.  Saunders,  Philadcl 
phla.  1900). 
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excited  in  two  succeeding  experiments  at  two  points,  at  a  known  distance  apart, 
and  the  difference  in  the  time  records  obtained  was  the  time  required  for  the 
transmission  of  the  nerve-impulse  through  this  distance. 


Fio.  35.— Method  of  estimating  rate  (»f  conduction  in  motor  nerve  of  frog,  as  used  by  HelmholU.  The 
horizontal  bara-5  is  supported  on  an  axis  in  such  a  manner  that  when  the  contac:t  is  made  at  a  it  is 
broken  at  6,  therefore  at  the  same  instant  a  current  is  made  in  the  galvanometer  circuit  g  and  opened  in 
the  primary  circuit  of  the  induction  apparatus  p.  When  the  muscle  contracts,  the  galvanometer  circuit 
is  broken  at  c.    The  nerve  was  stimulated  in  two  successive  ex|>eriments  at  d  and  r 

Later,  Helmlioltz  devised  a  method  by  which  a  muscle  would  record  its 
contractions  on  a  rapidly  moving  surface,  and  employed  this  to  measure  the 
rate  of  conduction  in  motor  nerves.  He  stimulated  the  nerve  as  near  as 
possible  to  the  muscle  and  let  the  contraction  be  recorded ;  then  he  stimulated 
the  nerve  as  far  as  possible  from  the  muscle,  and  again  had  the  contraction 
recorded.  The  difference  in  time  between  the  moment  of  excitation  and  the 
beginning  of  the  contraction  in  the  two  experiments  was  due  to  the  difference 
in  the  distance  that  the  nerve-impulse  had  to  puss  in  the  two  cases,  and,  this 
distance  being  known,  the  rat(^  of  conduction  couhl  be  readily  calculated. 
By  this  means  he  found  the  rate  of  transmission  in  the  motor  nerves  of  the 
frog  to  be  27  meters  per  second.  In  similar  experiments  upon  men  he 
recorded  the  contractions  of  the  muscles  of  the  ball  of  the  thumb,  and  noted 
the  difference  in  the  time  of  the  beginning  of  the  contractions  when  the 
median  nerv^e  was  excited  through  the  skin  at  two  different  places.  He 
found  the  average  normal  rate  for  man  to  be  about  34  meters  per  second,  a 
rate  which  is  considerably  quicker  than  that  of  our  fastest  express  trains, 
but  a  million  times  less  than  the  rate  at  which  an  electric  current  is  trans- 
mitted along  a  wire.  These  determinations  are  still  accepted  as  approxi- 
mately correct  for  human  nerves,  although  they  are  found  to  vary  very  con- 
siderably under  different  conditions,  a  high  temperature  and  strong  irritation 
quickening  the  rate  to  90  or  more  meters  per  second,  while  cooling  may 
gradually  slow  the  rate  and  finally  stop  conduction.  Moreover,  considerable 
differences  exist  in  nerves  controlling  different  functions,  even  in  the  same 
animal.  Thus  dmuveau  gives  the  rate  for  the  fibres  of  tlie  vagus  nerve, 
which  supply  the  rapidly  contracting  striated  muscles  of  the  larynx,  as  66.7 
meters  per  second ;  and  the  rate  for  vagus  fibres,  controlling  the  slower 
smooth  muscles  of  the  (esophagus,  as  8.2  meters  per  second.  The  rate  of 
transmission  in  the  non-medullated  nerves  of  invertebrates  appears  to  be  still 
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Fig.  «J2.— Diagrammatic  representation  of  the  lower  portion  of  the  human  bulb  and  spinal  cord. 

The  cord  is  divided  into  its  four  regions :  1,  medulla  ccnMcalis;  2.  medulla  dorsalis :  3.  medulla  lum- 
balls :  4.  medulla  sacralis.  Within  each  region  the  spinal  segments  bear  Roman  numbers.  On  the  left 
side  of  the  diagram  the  locality  supplied  by  the  sensory  (afferent)  neurones  is  indicated  by  one  or  more 
words,  and  these  latter  are  connected  with  the  bulb  or  the  segments  of  the  cord  at  the  levels  at  which 
the  nerves  enter.    The  afferent  character  is  indicated  by  the  arrow-tip  on  the  lines  of  reference. 

On  the  right-hand  side  the  names  of  muscles  or  groups  of  muscles  are  given,  and  to  them  are  drawn 
reference  lines  which  start  from  the  segments  of  the  cord  in  which  the  cell-bodies  of  origin  have  been 
located. 

Within  the  cord  itself,  the  designations  for  several  reflex  centres  are  inscribed  in  the  segment  where 
the  mechanism  is  localized.  For  example.  Reflexus  scapularis,  Centrum  cilio-spinale.  Reflexus  epigas- 
tricus,  Reflexus  abdominalis.  Reflexus  cremastcrious,  Reflexus  patellaris.  Reflexus  tendo  AchlUis.  Cen- 
trum vesicalc.  Centrum  anale  (the  last  two  on  the  led  side  of  the  diagram).  (From  Iconci  Neurologicm, 
StrOmpell  and  Jakob.)  » 


Il- 


Fio.  96.~i?cheina  of  the  neurones  forming  the  sympathetic  nervous  system  (Huber :  Journal  <4  Oynt- 
yiXQtlvt  Xeurology,  1897,  vol.  vil.). 

A  9olid  blaek  line  designates  the  axone  from  an  efferent  neurone,  with  its  cell-body  in  the  ventral  horn 
of  the  cord,  and  the  terminal  brush  ending  in  a  striated  muscle  (m.ti.). 

A  black  line  cro9»ed  hy  thort  dUuhes  designates  the  axone  ttom  an  afferent  neurone,  the  cell-body  of 
which  is  in  the  spinal  ganglion,  and  the  peripheral  axone  of  which  terminates  in  the  epidermis  or  some 
special  sense-organ  (t.n.). 

An  interrupted  black  line  indicates  an  axone  of  similar  origin  to  the  one  Just  described,  but  distributed 
with  the  fibres  of  the  sympathetic  system  («^/.).  At  the  periphery  it  terminates  in  a  tree  ending 
(«^./.(l))  or  In  a  Pacinian  corpuscle  («.«/-(2)). 

A  blue  line  shows  a  pre-ganglionic  fibre  (of  Langley),  the  cell-body  of  the  neurone  being  located  in  the 
lateral  horn  of  the  cord.  The  axone  leaves  the  cord  by  the  ventral  root  (as  a  fibre  of  very  small  calibre), 
passes  in  the  white  ramus  ( W.R.),  and  terminates  by  a  pericellular  basket  about  the  body  of  a  sympa- 
thetic neurone  (drawn  in  red). 

The  various  places  where  such  an  axone  may  terminate  are  indicated  as  follows :  a.  axone  passing 
through  the  chain-ganglion  {I.C.O.)  to  terminate  within  the  next  higher  chain-ganglion :  6.  axone  passing 
as  does  (a),  but  terminating  in  the  next  lower  chain-ganglion  ill.C.G.) ;  e,  two  axones  ending  in  a  gan- 
glion of  this  same  segment  (I.C.O.);  d,  axone  i>assing  through  the  chain-ganglion  of  the  segment  and 
ending  In  a  prevertebral  ganglion  {Pr.v.O.):  e,  axone  passing  through  both  a  chain-ganglion  and  a  pre- 
vertebral ganglion  to  end  in  a  peripheral  ganglion  (Periph.O.) ;  /,  axone  which  gives  off  a  collateral  branch 
to  one  ganglion  (I.C.G.)  and  passes  on  to  terminate  in  a  more  distal  ganglion  (Pr.v.O.).  Fibres  arranged 
like  (/)  probably  account  for  some  of  the  reflexes  obtained  fh)m  sympathetic  ganglia :  g  and  h,  axones 
representing  fibres  which  regularly  pass  to  any  given  ganglion  firom  the  ganglia  above  and  below  it. 
The  sjrmpathetic  neurones  are  dmwn  in  mf,  and  about  their  cell-bodies  terminal  baskets  of  other  axones 
(always  in  blue)  are  shown.  They  enter  the  mixed  nerve  by  the  gray  ramus  (O.R.)  m,  the  axones  of  the 
sympathetic  neurones,  terminate :  i,  in  the  muscular  coats  of  the  blood-vessels  (vaso-motor  endings) ; 
jt  in  the  muscular  coats  of  the  viscera  (viscero-motor  endings),  and  in  heart-muscle  (not  specially  shown 
in  the  figure) :  k,  in  glands  (secretory  fibres);  I,  in  other  sympathetic  ganglia  (a  doubtful  form  of  termi- 
nation). 

The  figure  farther  shows  two  '*  afferent "  sjrmpathctic  neurones  (Dogiel),  In  dotted  red ;  o,  arising  in  a 
peripheral  ganglion  {Periph.G.)  and  terminating  in  the  prevertebral  ganglion  (Pr.v.G.) :  p,  arising  in  the 
chain-ganglion  {I.C.G.)  and  passing  to  the  spinal  ganglion,  to  terminate  about  Dogiel's  spinal  ganglion- 
cell  of  "type  two."  q  (represented  in  »olid  black);  q,  spinal  ganglion-cell  (Dogiel's  ••t3rpe-two"),  the  ter- 
minals of  which  form  baskets  about  the  bodies  of  the  ordinary  spinal  ganglion-cells. 
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9h^  f\\^\$s^f^tf^  f^\l  fffF  a  fthort  period  of  time  mon^  excxiable.     In  the  same 
^^nf^  f\^.  fM-jifffS  !iih/i^7t  that  if  a  longer  int^^r\'ai — here  morethaui  three  seconds — 


}iif  f%\\ov9M\  Uf  f^H]mh,  then  the  w*eond  Btimulos  from  the  dkm  remains  ineffi- 
f'\^f^i.  \  similar  relation  lK;tWf;en  the  two  inoomii^  impalses  is  also  found 
f/f  \¥^M  wh/n  the  MtirniiliiM  from  the  skin  is  made  to  precede.  The  curve  B, 
t^i^,  ^rft^  4h/rw.<4  the  Tf'nuliH  when  both  stimuli  ar^  inefficient.  In  this  the 
Aftfipuli  (h  fin^i  (t)  pro^liKre  no  effect  when  given  several  seconds  a{)arty  but  when 
fVy  iH'4'ur  within  a  whort  intifrval  (1/  and  a') — in  this  case  0.13  of  a  second 
n  r^mfnu'i'ufu  of  the  niiiH<!le  follows.  These  various  experiments^  taken 
f/^/'fhef«  ^how  in  a  iH^nutifiil  way  that  in  the  cases  chosen  the  two  sets  of 
'tfffftii\M4m  fend  to  reififoree  <iieli  other,  whether  they  are  efficient  or  inefficient, 
hUfi  wifhoiit  re^nrd  fo  the  order  in  which  they  come. 

'I  hi<  nlfition  Ivetween  the  dincharging  cell  and  those  by  which  it  is 
•D^Muhifed  eiin  be  ilhmtnite<l  in  still  another  way.  It  was  observed  by 
/^«f»dni<i«il<  '  tlint  when  a  |Mitient  was  being  tested  for  the  height  of  his  knee- 
hU'U,  h  volfiiitury  niiiwulur  eontmction,  or  an  extra  sensory  stimulus,  occur- 
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^Ki  (H.  To  Mtifiw  tin*  n^liifonMntc  tufluvnco  of  stimuli  applied  to  the  cerebral  cortex  and  to  the  skin 
of  lliH  |MW,  oil  Ihti  ifiovtMiioiitJi  of  thf  |)aw  uf  a  rabbit  (Exner).  The  arrows  indicate  the  direction  in 
l^hlf'h  Mill  iMirvii*  Mru  In  ho  Tvm\,  \\\  curve  A  the  cortical  stimulus  at  a  causes  a  movement  of  the  paw. 
f  fHMMnl  MImimIuNi  wUhhi  a  svoomi,  at  h  causes  a  movement  of  the  paw.  Cortical  stimulus  at  a'  causes  a 
iiMi^MfiiiMil  of  Ihw  |Hiw.  Durmal  stimulus  several  seconds  later  at  b' is  ineffective.  In  curve  if  dermal 
vIImmiIiin  ill  U  Is  liiittHtnllvti.  Tho  cortical  stimulus  at  a  several  seconds  later  is  also  ineffective.  The 
iIkmiinI  klhiiiihiH  Ni  hf  is  tiittlHnalve.  hut  if  fbl  lowed  with  in  0.13  second  by  a  cortical  stimulus  at  a' a  move- 
IIIKIll  Ml  Hill  |iilW  iiiMtur«. 

rln^  iiImmiI  lhi<  wuno  time  that  the  tendon  was  struck,  had  the  effi^ct  of 
liiehMiHin^;  tho  ht^ight  ot*  tlie  kick.  This  relation  was  studie<l  in  detail  by 
Howditeh  mimI  Wnn^eUi*  «md  tliey  wert>  able  with  great  exactness  to  measure 
the  interval  between  the  tH»utnu*tion  of  the  muscle  used  for  reinforcement 
inut  tlie  time  at  whleh  the  tendon  was  struck.  The  curve  shown  in  Fig.  95 
H«|tre«*ents  tht*  n^i^nltn  of  tht^ne  experiments.  It  indicates  that,  up  to  0.4  of  a 
mMM»ud.  tht*  ehv«er  ti^^^ther  tlie?ie  two  stimuli  oivur  the  greater  the  reinforce- 
ment. At  an  interval  of  tK-l  i^fa  j^hhuuI  no  eflWt  is  produced  by  the  muscu- 
lar iMmtniotion.  Inen^ayiiny  the  Interval  only  verj-  slightly  has,  however,  the 
elVnet  ot*  gnnitlv  diminisliin^  the  height  of  the  knee-kiek — i.  f.,  decreasing 
the  stnMiirth  \A*  the  di?H^harp*  of  the  effen^nt  ivlls — and  this  effect  is  m>t  lost 
niHil  the  interval  is  inert^stnl  to  U  stHH^mls^  when  the  voluntan*  muscular 
MMhtruetion  «vas*^s  to  nunlity  the  n^s|H>ns*\  A  given  efferent  cell  is  thus 
Miinlltled  in  its  dis^^harv^*  atXHmling  to  the  s**veral  stimuli  that  act  upon  it. 
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coiiM   be  lione  by  voluiitarilj-  <-oii tract Jiig  the  flexor  muscles  of  the  iiiilex 
finger  befoiv  ihejirglfaifurr  to  n'spond  to  a  vobmtarr  stimulus  :ip[R-aretl,  then 
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Fio.  130.— A  nrmrdof  IheeiK-iiliif  the  fleiioiu  of  Ihe  forvrlngiT  UHini!*  wciKlil  iit  rvKular  IntLrvals. 
Th« Tight  Unc* are  those  Kir  thr:  vuluiiwry  ii>tit»rtiuii :  the  heavy  lines,  (htm:  for  iiniinic'ljiiiis  ri>11<iHiiiK 
Ihedlni'lHlimulaUonorthe  (Ivxiic  miuii'leB  bjr  electricity.  lu  IIie  former  therr  an'  )«rl<>di..  In  llu'  luiitr 
none.    The  arrow  shows  thtdln^ctiim  Id  which  the  record  Is  lobe  reartU^iHnMk 

the  curve  expressing  this  capacity  for  voluntary  work  throughout  the  day 
was  represented  as  in  Fig.  121.  Brit-fly,  the  cur\-e  siiows  two  jnuxinia,at  10 
i*.  H.,  and  10  A.  M.,  with  two  minima  niitlway  bctwi'en  them.     In  general 
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the  immediatf  cirwt  of  taking  fiKxl  is  t<»  incn'ase  the  work  dtine  by  the  sub- 
ject.     Aleohdl  has  tiir  i-anic  effect,  while  smoking  produces  a  ili'creasc. 

Further,  from  day  lo  day  this  capacity  for  work  is  influenced  by  a  num- 
ber of  extornai  conditions — tem|>erature,  barometric  pressure,  etc. 
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ira*  re  til  ihe  groupt?  of  cells.  Hence  the  cells  would,  by  reason  of  this  fart, 
idtTt  Li**^  sT^iOLZesi  capability  for  work  in  the  middle  period.  Between  child- 
W.o  t::iii  "'A  ag»-  there  \^,  however,  this  difference — that  while  in  the  former 
Ti«t  zjicr-fcv^i&ble  substances  in  the  cell  are  developing,  not  yet  having  ma- 
turwi.  lii^xt  in  the  latter  have  in  some  way  become  permanently  useless.  The 
<ie3ET»^  Zfj  vhich  the  blood-supply  can  be  controlled  varies  with  age,  and  the 
unKrj:  >  of  -ul^rtance  capable  of  yielding  energy  at  various  periods  of  life  are 
diflVrrea: :  -*>  that,  considering  these  factors  alone,  though  there  are  prolMibly 
'jcLtT*.  it  niay  Ix-  eaaily  appreciated  that  the  sleep  of  childhood,  maturity,  and 
old  a^  rtK>uld  lie  ijuite  distinguishable. 

Cause  of  Sleep. — It  is  recognized  that  local  exercise  is  cai)able  of  pro- 
d  vrin^  ^»rnenil  fatigue,  and  the  fatigued  ]>ortions  give  rise  to  afferent  impulses 
irbK-fi.  rea^i-hing  the  central  system,  cause  some  of  the  sensations  of  fatigue; 
uMiT*i^f\'^T.  the  active  tissues  (nerve-cells  and  muscles)  yield  as  the  result  of 
Ui^T  vtivity  some  by-pnxluct  which  is  carried  by  the  blood  through  thecen- 
nrai  •vfci«-m  and  lK»com<^s  the  chief  cause  of  sleep.  It  has  been  shown  by 
M'>-s^'  tiiat  if  a  dog  be  thoroughly  fatigued,  giving  all  the  signs  of  exhaustion, 
%:yl  '.:,-*:  hlmA  fn»m  this  dog  be  transfused  to  one  that  has  been  at  rest,  then 
*fvr  '.Mr  transfusion,  the  dog  which  has  received  the  blood  from  the  exhausted 
«yjr^i  ^  ill  tf'xhibit  the  symptoms  of  fatigue  in  full  force.  The  inference  is 
xisM  fr«fin  the  tired  animal  certain  by-pnxluets  have  thus  been  transferre<l, 
a/yJ  T^jcat  th'-?^-  an»  resi>onsible  for  the  reactions.  We  know,  further,  that  we 
•am  di^iniriiish  in  ourselves  different  forms  of  the  feeling  of  fatigue,  and  that 
xi^  wrfi-ations  which  follow  the  prolongiKl  exercise  of  the  muscular  system 
differ  frrmi  thos<.»  following  the  exercise  of  the  higher  nerve-centres. 

Tv.o  things  apjK^ar  as  higlily  probable :  First,  that  there  is  a  wide  individual 
vaimtion  in  the  conditi<m  designated  as  normal  sle(»p.  Second,  that  normal 
^1«  p  !•  tUf  H'sult  of  s<»venil  sets  of  influences  which  need  not  necessarily  hv 
a^tiv  u,  the  same  degree  during  each  j)eriod  of  sleep.  Excluding  the  factor 
n-pr»-w.rit*-*l  by  diminution  of  the  external  stimuli,  sleep  has  been  attribute<l 
mor"  or  h-:«  ffxclnsivelv  to  one  of  the  three  following  influences : 

1.  ^'hnniffil  Infliientrs, — The  theories  emphasizing  the  chemical  factor 
fM#int  out  that  during  the  normal  activity  of  tlu*  ImmIv  there  are  formed  and 
tok-n  up  by  the  l»loo<l  substances  which  may  <lin»etly  diminish  the  activity 
of  the  ner\v^-c<'lls  and  directlv  or  reflexlv  aff(M't  the  circulation  so  as  to 
dimini-h  the  supply  of  blo(Kl  to  the  brain,  and  esiK'cially  to  the  cerebral 
cortex. 

2.  ("nt'iilaioni  Infliuntrf<, — The  vaso-motor  theories  l(H)k  ui)on  the  changes 
in  the  bifKHJ-wupplv  as  a  prime  cause  of  sleep;  these  chants  to  be  referriHl 
in  the  last  instance  to  the  fatigue  of  the  vaso-motor  centre  in  the  bulb. 

o.  Ifixfoffpf/ira/  Inflnnices, — These  are  made  dei)endent  on  the  shrinkage 
of  nerve-cells  during  fatigue,  the  retraction  of  the  dendrites  of  the  cortical 
cells  interrupting  the  nerve-pathways,  or  the  mechanical  separation  of  the 
nerve-elements  through  the  intrusion  of  the  neuroglia-cells  between  them 
(Cajal)«     The  vaso-motor  and  chemical  theories  combined  are  at  present  most 
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€W0t^'  mentaisoc  to'vard  maixnitw.  Daring  middle  life  the  two  proeesses 
ar%  nv>r^  iMarij  m  <r|aiIihrnxjBii.  tfaougfa  the  toiad  expenditme  of  energy  is 
ftr^jhokAj  zrtax^fst  then :  aad  inallv  ib  old  age  the  tncad  expesditore  of  energy 
diminHhei^  whxle  as  the  ^anie  time  the  anabolic  procesees  become  less  and 
lesA  ^imfitteBt  to  repair  the  was^te.  The  qoestion  whv  in  the  nervoaB  system 
the  ^ner^pe^  wane  with  advanced  age  is  bnt  the  obverse  of  the  question  why 
th^  wax  drrring  the  growii^  period*  The  ets^ential  nature  of  these  changes 
!!»  in  hoch  ins^tanr^^  equally  obt«care. 

Decrease  in  Wei^lit  of  the  Brain. — Between  the  fiftieth  and  sixtieth  years 
fjf  lift  there  ia  a  decrF:a.^ie  in  the  bulk  of  the  encephalon  in  those  persons 
IffrUmpn^  to  tlie  da^eeii^  from  which  the  greater  number  of  the  records  have 
been  oli^ained.  So  £ir  a.«  can  be  seen  from  the  present  record*iy  there  is  no 
marked  efaai^  in  the  prr»portional  development  of  the  encephalon  in  old 
age,  though  the  loet*  appear^  to  be  sli^tly  greater  in  the  cerebral  hemi- 
spheric than  in  the  other  portions. 

Chaogtm  in  the  Kicepbakm. — ^The  thickness  of  the  cerebral  cortex 
diminishesi  in  harmony  with  the  shrinkage  of  the  entire  system.  In  laige 
meaAire  thU  mm^  depend  on  the  loss  of  volume  in  the  various  fibre-ssystems, 
whiefay  accTj^ing  to  the  observations  of  Vulpius,  show  a  senile  decrease  in 
the  numlier  of  fibres  composing  them.  This  decrease  is  more  marked  in  the 
tnnUpr  than  in  the  j^fansiyry  areas.  The  time  at  which  it  commences  cannot, 
hffWfrver,  lie  accurately  stated^  owing  to  the  small  number  of  records  after  the 
thirtr-thirrl  vcar.  Where  records  have  been  made  between  this  and  the 
N^enty-ninth  year  it  appears  that  there  is  no  decided  diminution  until 
after  the  fiftieth  year,  though  at  the  seventy-ninth  year  the  decrease  is 
clearly  shown.  Engel  has  shown  that  the  branches  of  the  arbor  vit»  of 
the  human  cr^rebellum  decrease  in  size  and  number  in  old  age.^ 

Changes  in  tlie  CerebeUtun. — In  the  case  of  a  man  dying  of  old  age 
(H'l^lgej  some  cells  in  the  cerebellum  were  found  shrunken  and  others  (cells 
of  Purkinje)  ha^l  completely  disappeared.  In  the  antennary  ganglion  of 
bees  a  very  striking  difference  appears  between  those  dying  of  old  age  and 
the  ailult  just  emerged  ftt>m  its  lar\'al  skin.  These  changes  are  comparable 
with  those  described  in  mammals,  and  it  further  appears  that  in  passing  from 
the  youngest  to  the  oldest  forms  cells  have  disappeared  from  the  ganglia^ 
and  that  in  the  young  form  of  the  bee  there  are  some  twenty-nine  cells 
present  for  ea/;h  one  found  at  a  later  period. 

To  the  anatomy  of  the  human  ner\'ou8  system  in  old  age  contributions 
have  been  maile  by  studies  on  the  pathological  anatomy  of  paralysis  agitans.^ 

In  subjects  suffering  from  this  affection  the  bodies  of  the  nerve-cells  are 
shrunken,  pigmented,  and  show  in  some  c^ses  a  granular  degeneration  ;  the 
fibres  in  part  arc  atrophied  and  degenerated  ;  the  supporting  tissues  increase, 
and  the  walls  of  the  small  blood-vessels  are  thickened.  These  changes  have 
been  found  principally  in  the  spinal  cord,  being  most  marked  in  the  lumbar 

*  F>igel:    Wi^fntr  medieiniMche  Woehenaehrifi,  1863. 

'  Ketcher  :  ZeiOiehrift  fur  JfeUkunde,  1892  ;  Redlich  :  Jahrbwhfur  Pfyehiatrie,  1893. 
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region.  But  the  conis  of  age<l  persons  who  do  not  exhibit  the  symptoms 
of  paralysis  agitans  show  similar  changes,  though  usually  they  are  not  so 
evident,  and  hence  the  pathological  anatomy  of  this  disease  resolves  itself  into 
a  somewhat  premature  and  excessive  senility  of  the  central  system. 

Shrinkage,  decay,  and  destruction  mark  the  progress  of  senescence,  and 
the  nervous  system  as  a  whole  becomes  l(»ss  vigorous  in  its  responses,  less 
capable  of  repair  or  extra  stniin,  and  less  jK^rmeable  to  the  nervous  impulses 
that  fall  upon  it ;  and  it  thus  breaks  down,  not  into  the  <Iisconnected  elements 
of  the  fetus,  but  int4>  groups  of  elements,  so  that  its  capacities  are  lost  in  a 
fnigmentary  and  uneven  way. 


III.  THE  SPECIAL  SENSES. 


A.  Vision. 

The  Physiologry  of  Vision. — The  eye  is  the  organ  by  raeans  of  which 
certain  vibrations  of  the  hmiiniferous  ether  are  enabled  to  affect  our  conscious- 
ness, producing  the  sensation  which  we  call  "  light.''  Hence  the  essential  part 
of  an  organ  of  vision  is  a  substance  or  an  apparatus  which,  on  the  one  hand, 
is  of  a  nature  to  be  stimulated  by  waves  of  light,  and,  on  the  other,  is  so  con- 
nected with  a  nerve  that  its  activity  causes  nerve-impulses  to  be  transmitted  to 
the  nerve-centres.  Any  animal  in  which  a  portion  of  the  ectoderm  is  tlius 
differentiated  and  connected  may  be  said  to  possess  an  eye — /.  e,  an  organ 
through  which  the  animal  may  consciously  or  unconsciously  react  to  the  exist- 
ence of  light  around  it.^  But  the  human  eye,  as  well  as  that  of  all  the  higher 
animals,  not  only  informs  us  of  the  existence  of  light,  but  enables  us  to  form 
correct  ideas  of  the  direction  from  which  the  light  comes  and  of  the  form,  color, 
and  distance  of  the  luminous  body.  To  accomplish  this  result  the  substance? 
sensitive  to  light  must  form  a  part  of  a  complicated  piece  of  apparatus  capable 
of  very  varied  adjustments.  The  eye  is,  in  other  words,  an  optical  instrument, 
and  its  description,  like  that  of  all  optical  instruments,  includes  a  consideration 
of  its  mechanical  adjustments  and  of  its  refracting  media. 

Mechanical  Movements. — The  fii'st  |K)int  to  be  observed  in  studying  the 
movements  of  the  eye  is  that  they  are  essentially  those  of  a  ball-and-socket 
joint,  the  globe  of  the  eye  revolving  freely  in  the  socket  formed  by  the  ca[)sule 
of  Tenon  through  a  horizontal  angle  of  almost  88°  and  a  vertical  angle  of  about 
80°.  The  centre  of  rotation  of  the  eye  (which  is  not,  however,  an  absolutely 
fixed  point)  does  not  coincide  with  the  centre  of  the  eyeball,  but  lies  a  little 
behind  it.  It  is  rather  farther  forward  in  hypermetropic  than  in  myopic  eyes. 
The  movements  of  the  eye,  especially  those  in  a  horizontal  direction,  are  sup- 
plemented l)y  the  movements  of  tlie  head  upon  the  shoulders.  The  combined 
eye  and  head  movements  are  in  most  persons  sufficiently  extensive  to  enable 
the  individual,  without  any  movement  of  the  boily,  to  receive  upon  the  lateral 
portion  of  the  retina  the  image  of  an  object  directly  behind  his  back.  The 
rotation  of  the  eve  in  the  soc*ket  is  of  coui*se  easiest  and  most  extensive  when 
the  eyeball  has  an  approximately  spherical  shape,  as  in  the  normal  or  emme- 
tropic eye.    When  the  antero-posterior  diameter  is  very  much  longer  than  those 

'  In  certain  of  the  lower  orders  of  animal8  no  local  differentiations  seem  to  have  occurred, 
and  the  whole  surface  of  the  IkxIv  apt)ears  to  be  obscurely  sensitive  to  light.     See  Nagel :  Der 
LichUfinn  augenloser  Thiercj  Jena,  1896. 
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45°  with  the  horizon,  since  in  this  position  the  eye  appreciates  their  real 
position  less  accurately  than  when  they  are  vertical  or  horizontal.  It  is 
diminished,  but  does  not  disappear,  when  the  eye,  instead  of  being  allowed 
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Fig.  165.— To  illustrate  contrast  in  space-perception  (MQUer-Lyer). 

to  wander  over  the  figure,  is  fixed  upon  any  one  point  of  the  field  of  vision. 
Hence  the  motions  of  the  eye  must  be  regarded  as  a  factor  in,  but  not  the 
sole  cause  of,  the  illusion. 


Fio.  166.— To  illustrate  contrast  in  space-perception  (MQller-Lyer). 

The  illusion  in  Fig.  164,  where  the  line  d  is  the  real  and  the  line  /  the 
apparent  continuation  of  the  line  a,  is  to  be  explained  partly  by  the  over- 
estimation  of  acute  angles  and  partly,  according  to  Helmholtz,  by  irradiation. 


Fio.  167.— To  illustrate  contrast  in  space-perception  (Miiller-Lyer). 

The  fact  that  the  illusion  is  greatly  diminished  by  turning  the  figure  on  its 
side  seems  to  show  that  the  tendency  to  over-estimate  vertical  dimensions 
also  plays  a  part  in  its  production. 
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of  a  liue  plaoed  vertically  to  the  plane  of  the  paper  does  not  entirely  dis- 
appear when  one  eye  is  closed.     Hence  it  is  evident  that  there  is,  as  Mrs.  ^ 


Fio.  177.— Monocular  illusion  of  vertical  lines. 

C.  L.  Franklin  has  pointed  out/  a  strong  tendency  to  regard 
lines  which  form  their  images  approximately  on  the  vertical 
meridian  of  the  eye  as  themselves  vertical.  This  tendency 
is  well  shown  when  a  number  of  short  lines  converging 
toward  a  ]K)int  outside  of  the  paper  on  which  they  are 
drawn,  as  in  Figure  177,  are  looked  at  with  one  eye  held 
a  short  distance  above  the  point  of  convergence.  Even 
when  the  lines  are  not  convergent,  but  parallel,  so  that  their 
images  cannot  fall  upon  the  vertical  meridian  of  the  eye,  the 
illusion  is  not  entirely  lost.  It  will  be  found,  for  instance, 
that  when  the  Zollner  lines,  as  given  in  Figure  163,  are 
looked  at  obliquely  with  one  eye  from  one  corner  of  the 
figure,  the  short  lines  which  lie  nearly  in  a  plane  witli  the 
visual  axis  appear  to  stand  vertically  to  the  plane  of  the 
paper. 
In  this  connection  it  may  be  well  to  allude  to  the  optical  illusion  in  conse- 
quence of  which  certain  portraits  seem  to  follow  the  beholder  with  the  eyes. 
This  depends  upon  the  fact  that  the  face  is  painted  looking  straight  out  from 
the  canvas  — L  e.  with  the  pupil  in  the  middle  of  the  eye.  The  painting  being 
upon  a  flat  surface,  it  is  evident  that,  from  whatever  direction  the  picture  is 
viewed,  the  pupil  will  always  seem  to  be  in  the  middle  of  the  eye,  and  the 
eye  will  consequently  appear  to  be  directed  upon  the  observer.  The  phenom- 
enon is  still  more  striking  in  the  case  of  pictures  of  which  the  one  repre- 
sented in  Figure  178  may  be  taken  as  an  example.     Here  the  soldier's  rifle 

'  Am,  Journal  of  I\fjfchologiff  vol.  i.  p.  99. 


Fig.  176.— Binocu- 
lar iUnslon  of  a  ver- 
tioalline. 


Explanation  of  Plate  1. 

Fio.  L— Schematic  rcprvsuntatioii  of  displacemeut  of  the  auditory  ossicles  due  to  contraction  of  the 
tensor  tymi»anl  mut<cle  iTestut):  «,  exiornul  auditory  meatus:  ^  tympanic  cavity;  r,  vestibule  of  the 
bony  labyrhith  ;  «/,  fenestra  ovalis ;  1,  meuibraua  tymi^ani :  2,  handle  of  malleub :  3,  head  of  malleus :  4. 
insertion  of  tendon  of  tensor  tymjiani ;  o,  long  or  vertical  proceiFS  of  incus ;  ('•,  head  of  incus :  7.  stapes. 
^The  arrow  indicates  the  direction  of  traction  of  the  tensor  tymi>ani  muscle;  and  the  lines  in  red  indi- 
cate the  change  in  the  p<«ition  of  the  jiarts  produced  by  it.; 

Fig.  2.— Schematic  representation  of  the  displacement  of  the  stAi>e8  due  to  contraction  of  the  stape- 
dius muscle  iTcKtut) :  A,  the  stapi'S  in  reiKtbc:  It,  stapes  during  contraction  of  stapedius  muscle:  1.  base 
of  stapfs:  'J.  anterior  b4>rder  of  fenestra  ovalis ;  3,  the  pyramid  :  4.  tendon  of  stai>edius  muscle ;  a,  anterior 
pcirtion  of  annular  ligament  of  f^tajK-s,  longer  than  b.  po>terior  ftortion  of  same  ligament :  x,  x,  antero- 
pohterior  diameter  of  fenestra  ovalis,  i»assing  through  the  base  of  the  resting  stapes ;  y,  i»oint  of  {wssagc 
of  the  vertical  line  which  rei)ri.?ents  the  axis  of  rotation  (»f  the  stapes. 

Flo. :%.— The  three  (larts  making  up  the  Tniny  cochlea  (schematic,  fVom  Testut) :  A,  the  columella:  ii, 
spiral  tube  containing  the  scalie:  C\  lamina  b]>irali8 :  I),  the  three  {tans  in  their  normal  relations. 

Fig.  I.— .'rchemaiie  representation  of  the  i>eril\Tiiphatic  and  endolym]»hatic  fi»aces.  The  former 
appear  in  black,  and  the  latter  arc  culoredbluc  (Tcstui):  1,  utricle;  J.  .saccule;  s.  semicircular  canal :  4. 
eanalis  cochlearis;  .'•.  ductus  endolymphaticus  with  its  two  branches  of  origin  ;  6,  saccus  cndolymph- 
aticus  ;  7.  eanalis  reuniens.  or  canal  of  Hensen  :  h,  .«cala  tymi>aui :  9.  sculu  vestibuli :  10,  their  communi- 
cation at  the  hclicotn.-uia  :  11.  urjiutductus  vestibuli :  12,  n(ju:iductU£  cochlearis :  18,  iH.'riosteum :  14,  dura 
mater:  1o,  staphs  in  thL>  feni.'>ira  uvali<( ;  It;.  fi.'ne>tra  rotunda  with  its  membrane. 
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represented  graphically  by  depicting  under  one  another  a  series  of  waves  having 
two,  three,  four,  etc.  times  the  rate  of  succession  of  the  curve  indicating  the 
fundamental  tone.  If  a  vertical  line  be  drawn  across  the  series  representing 
the  vibration-rates  of  the  various  tones,  and  an  algebraic  addition  be  made  of 
the  distance  of  each  |X)int  of  intersection  above  or  below  the  line  of  rest,  the 
result  will  determine  the  position  of  the  compasite  curve  on  the  same  vertical 
(Fig.  196).  It  is  evident  that  the  form  of  the  composite  wave  must  change 
with  every  change  in  the  number  and  relative  prominence  of  musical  overtones, 
and  the  movement  imparted  by  it  to  the  tympanic  membrane  and  the  wave 


B 


c 


D 


Fio.  196.— The  curve  b  represents  twice  the  vibration-rate  of  a.  When  the  two  curves  are  combined 
by  the  algebraic  addition  of  their  ordinates,  the  result  is  the  i)eriodic  curve  c  (solid  line),  having  u  dif- 
ferent form  ;  the  dotted  line  of  cr  is  a  repro<luction  of  a.  If  b  is  displaced  to  the  right  until  e  falls  under 
d  in  A  (change  of  phase),  the  combination  of  a  and  b  will  give  the  curve  n,  the  dotte<l  line  in  i)  repre- 
scnUng  A  as  before.    (After  Ilelmholtz.) 

generated  in  the  perilymph  must  have  corresjx)iiding  diiferences.  Notes  of 
different  quality  are  produced  by  composite  air-waves  of  different  forms.  But 
waves  differing  in  form  may  still  produce  notes  of  the  same  quality ;  for  if, 
in  the  graph iwil  figure,  one  or  more  of  the  curves  representing  simple  tones 
l)e  slid  to  the  right  or  the  left,  the  form  of  the  composite  wave  will  thereby  be 
changed,  but  not  the  quality  of  the  sound  phkIuccmI  by  it.  In  other  wonls, 
change  of  phase  of  the  partial  tones  does  not  alter  the  (juality  of  the  note.' 
The  quality  of  any  complex  note  may  be  roprcKluced  bv  sounding  together 
a  series  of  tuning-forks  which  have,  respectively,  the  vibration-rate  of  the 
fundamental  tone*  and  that  of  one  of  the  overtones  of  the  (M)mplex  note. 

Analysis  of  Composite  Tones  by  the  Bar. — According  to  the  theory 
outlined  on  page  «*^80,  the  composite  wave,  lx?ating  agjunst  the  s(»nsitive  organ 
of  the  c<K*hl(»a,  is  agjiin  analyzed  into  the  elements  (M)in{)osing  it,  one  part  of 
the  basilar  membrane*  vibrating  .*<ynipatheti«illy  with  one  partial  tone,  another 
with  another.  The  i.*<olate<l  irritation  of  each  nerve-element  arouses  in  the 
mind  the  ideji  of  a  tone  of  a  certain  pitch  and  londne^ ;  but  when  a  number 

*  Helmholtz,  op.  r.it,  p|».  80-34. 


IV.  PHYSIOLOGY  OF  SPECIAL  MUSCULAR 

MECHANISMS. 


A.  The  Action  op  Locomotor  Mechanisms. 

The  Articulations. — The  form,  posture,  aud  movements  of  vert^bnites 
are  largely  determined  by  the  structure  of  the  skeleton  and  the  method  of 
union  of  the  bones  of  which  it  is  composed.  There  are  two  hundred  bones  in 
the  human  skeleton,  and  they  are  so  c»onnected  together  as  to  be  immovable, 
or  to  allow  of  many  varieties  and  degrees  of  motion.  There  are  four  prin- 
cipal methods  of  articulation  : 

1.  Union  by  Bony  Substance  (Suture). — This  form  of  union  occurs 
between  the  bones  of  the  skull.  These  bones,  which  at  birth  are  indcjK'udcnt 
structures  connected  by  fibrous  tissue,  gnidually  grow  together  and  make 
a  continuous  whole,  only  a  more  or  less  distinct  seam  remaining  as  witness 
of  the  original  condition. 

2.  Union  by  Fibro-Cartilagres  (Symphysis). — The  bodies  of  tin*  verte- 
bne  and  the  sacro-iliac  and  pubic  bones  are  closely  bound  together  by  disks 
of  fibro-cartilage.  This  material,  which  is  very  strong,  but  yielding  and 
elastic,  act^  as  a  buffer  to  deach'ii  the  effect  of  jars,  permits  of  a  slight 
amount  of  movement  when  the  force  applied  is  considerable,  and  restorers 
the  bones  to  their  original  position  (►n  the  removal  of  the  force.  The  .spinal 
column  can  be  thought  of  as  an  elastic  staff;  the  capacity  for  movement 
differs  greatly  in  ditferent  regions,  however,  partly  on  account  of  differences 
in  the  thickness  of  the  intervertebral  disks  as  compared  with  the  antero- 
|)08terior  and  lateral  diametc»rs  of  the  bodies  of  the  vertebra",  and  more  (\<pe- 
cially  on  account  of  the  method  of  contact  of  the  superior  aud  inferior  verte- 
]>ral  processes.  In  the  <»ervical  region  the  disks  are  thick  and  tin;  diameter 
of  the  v^ertebra?  is  small,  and  this  permits  of  considerable  b(»nding  in  all 
directions  and  a  certain  amount  of  rotation.  In  tin*  dorsal  region  a  slight 
amount  of  bending  from  side  to  side  and  a  slight  amount  of  rotatiim  an*  pos- 
sible ;  but  backward  bending  is  inhibite<l  by  contact  of  the  articular  j)roc(»sses, 
and  forwanl  bending  is  prevented  by  the  strong  articular  ligaments.  In  the 
lumbar  region  bending  in  all  directions  is  more  free,  but  rotation  is  made 
impossible  by  the  interlocking  of  the  articular  processes.' 

li.  Union  of  Fibrous  Bands  (Syndesmosis). — Some  of  the  bones,  as  those 
of  the  (»q)U8  and  tarsus,  are  connected  by  interosseous  ligaments  which,  at  the 
same  time  that  they  bind  the  bones  together,  admit  of  a  e<'rtain  amount  of 

*  Fick  :  Compendium  der  Physiofogie  des  Menschen^  WitMi.  ISUl. 
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group  2.  They  may  be  divided  into  labio-derUal  /r/cft'owafe,/  (without  voice) ; 
r,  w  (with  voice) ;  the  lingual  frictionals  8,  th  (as  in  them) ;  «A,  ch  soft  (with- 
out voice) ;  z,  j  (with  voice).  The  sound  of  h  may  be  r^rded  as  due  to  the 
vibration  of  the  separated  vocal  cords.  It  is  peculiar,  however,  in  appearing 
to  be  formed  in  any  part  of  the  vocal  chamber ;  when  it  is  formed  the  mouth 
parts  take  on  no  peculiar  position,  but  assume  that  of  the  vowel  following  the 
hy  as  hark,  hear,  etc. 
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Fi(i.  221.— Stages  in  the  maturation  of  the  ovum  ;  diagrammatic  (mainly  from  Wilson):  A,  the  orig- 
inal ovarian  ovum ;  n,  itn  nucleus,  containing  four  chromosomes ;  r,  its  double  centrosome,  surroundcfl 
by  the  attraction  sphere:  in  B  much  of  the  chromatin  has  bcgua  to  degenerate;  the  rest  has  become 
arranged  into  tw«>  quadniple  groups  of  chromosomes,  or  tetrads ;  the  formation  of  the  spindle  and  the 
asters  has  begun :  in  CXhc  first  polar  amphlaster,  bearing  the  chromosomes,  is  completed ;  in  D  the  am- 
phiaster  has  l)ecome  rotated  and  has  travelled  toward  the  surface  of  the  ovum;  g.  v,  the  degenerated 
remains  of  the  nucleus ;  in  E  the  division  of  the  tetrads  into  double  groups  of  chromosomes,  or  dyads, 
has  begun,  and  the  first  polar  IhkIv,  ;>.  bs  is  indicated ;  in  Fxhc  first  poltir  body,  containing  two  dyads, has 
been  extruded ;  the  formatirm  of  the  second  p4>lur  ami)hiAster  has  begun ;  in  O  the  first  polar  body  is  pre- 
paring to  divide :  the  second  polar  umphlaster  is  fully  formed :  in  /Tthe  division  of  the  dyads  into  single 
chromosomes  in  lioth  the  first  polar  Ixxly  and  the  egg  has  begun,  and  the  second  })olar  body,  p.  b*.  is  in- 
dicated; in  /  the  formation  of  the  polar  bodies  is  completed  :  9.  the  egg-nucleus,  containing  two  small 
chromosomes,  one-half  the  original  number.  In  fertilization  the  spermatozoon  will  bring  in  two  addi- 
tional chromosomes,  thus  restoring  the  total  number  of  four. 
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m^ire  hypothe^ie^.  bearing  u]H>n  the  iletemiiuatioii  of  sex,  have  been  brought 
forwanl.  The  Hofaeker-Sadler  law  (Hofaeker,  1828:  Sadler,  1830)  is  well 
kn«iwn,  ari  follows :  If  the  father  be  older  than  the  mother,  more  bt»ys  than 
girbs  will  be  bom  ;  if  the  jKirents  be  of  equal  age,  slightly  more  girls  than 
boy:§ ;  if  the  mother  be  older  than  the  father,  the  probability  of  girls  is  still 
greater.  Since  the  promulgation  of  this  so-called  law  facts  for  and  against  it 
luive  been  brought  for>vanl,  but  the  balance  of  evidence  seems  to  be  in  tavor 
•>f  Wjn  truth.  Thur\-  in  1863  claimed  tliat  the  degree  of  "ripeness"  of  the 
ovrim  i.^  the  determining  factor — the  female  resulting  fn>m  the  less  ripe  ovum, 
hence  the  earlier  after  its  liberation  the  egg  is  fertilized,  the  greater  is  the 
D-ndenc}'  to  the  production  of  a  female  ;  the  later  the  fertilization,  the  greater 
the  proi»ability  of  a  male.  While  it  is  not  at  all  clear  in  what  the  "  ripeness  " 
or  *"•  imripcness  "  of  an  ovum  consists,  bree<lers  have  made  use  of  this  prin- 
ciple apparently  with  success — offspring  conceivefl  at  the  beginning  of  "  heat " 
seem  to  he  more  usually  females.  Likewise,  it  is  frequently  believed  that  in 
human  beings  conceptions  immediately  after  menstruation  produce  a  larger 
propirtiou  of  females  than  later  conceptions.  Schenk  ^  also  bases  his  view 
on  the  ccmdition  of  rij>eness  of  the  ovum.  He  regards  the  presence  of  sugar 
in  tlic  urine  of  the  pregnant  woman  as  evidence  of  incomplete  metal>olism 
in  the  body,  thus  of  incomplete  nutrition  or  unripeness  of  the  ovum,  and 
hence  of  tendency  toward  femaleness  in  the  offspring.  By  means  of  a  highly 
nitrogenous  diet,  which  eliminates  the  sugar  from  the  urine  and  increases  the 
proportion  of  reducing  substanc^is,  he  claims  to  make  the  metabolism  more 
complete,  to  insure  a  riper  ovum,  and  hence  to  make  it  probable  that  the 
offspring  will  be  a  male.  Schenk's  reasoning  is  excc»ssively  hypothetical,  and 
his  present  facts  are  too  few  to  substantiate  his  claims.  Diising^  accepts 
Thnry's  view  and  extends  it  to  the  male  element^ — the  younger  the  s|)ermato- 
zoon  the?  great(»r  the  tendency  toward  the  production  of  males.  Hence  among 
animals  the  scarcity  of  one  sex  leads  to  the  more  frequent  exercise  of  its 
repro<liictive  function,  the  employment  of  younger  gi'mi-K-tells,  and  therefore 
the  n»lative  increase  of  that  sex.  Further,  the  nearer  a  pan»nt  is  to  the 
height  of  his  repHxluctive  capacity  the  less  will  be  the  probability  of  trans- 
mitting his  own  sex  to  the  offspring.  Nutrition  seems  to  have  some  obscure 
relation  to  the  question  of  sex.  Thus,  by  feeding  tadpoles  with  highly 
nutritious  flesh  Yung*  increjLsed  the  percentage  of  females  from  56  to  S2. 
Mrs.  Treat*  showed  that  the  butterflies  of  well-fed  c^iterpillars  became 
f<'rnales,  thos<'  of  stiirved  caterpillars  males.  Statistics  among  mammals  and 
human  IxMugs  iu(li<>at<;  that  the  proportion  of  male  to  female  offspring  varies 
inverni'ly  with  the  nutrition  of  the  parents,  especially  of  the  mother..    Thus, 

'  L.  Schenk  :  EinflujtA  auf  doA  GcHchiechtirrhdltnigs,  Magdeburg,  1898.  Authorized  transla- 
tion:    Thf.  iMcrminfUum  of  SfX,  I^ondon,  1898. 

*  K.  IXirtinff:  JemiUche  Xeitschrifi  fur  NatunrUsensehnft,  1883,  xvi.,  and  1884,  xvii.;  also 
published  **epjirately,  Die  R*'(julkr\ing  de»  Gewhler.tverhdltniftses  he.i  der  Veiinehi'ung  <Ur  MeMchen^ 
Tifrr  und  Pjlanzen.  Jena,  1S84. 

'  K.  Yung  :  Comph'M  rendnm  de  tar/idemie  den  /viVho'x,  Paris,  1881,  xcii. 

*  Mrs.  Mary  Treat :   TVte  American  A«mra/w/,  ISTIJ,  vii. 
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Addison's  disclose,  i.  271 
Aden  in,  i.  3.'{9,  5r>4 
AdijK>cfre,  i.  541.  5<>0 

Adrenal  bodies,  internal  secretion  of,  i.  272 
removal  of,  i.  271 
secretory  nerves*  of,  i.  272 

extract,  action  of,  on  mnscles,  ii.  138 
physiological  action  of,  i.  271 
Aerial  j)ersi)ective,  ii.  355 

Afferent  impulses,  effect  of,  on  irritability  of  the 
central  nervous  system,  ii.  223 

neurones  of  the  spinal  cord,  ii.  203 

paths  in  the  cord  traced  electrically,  ii.  230 
traced  histologically,  ii.  229 
traced  physiologically,  ii.  229 

respiratory  nerves,  i.  460 
After-birth,  ii.  4H1 

After-effect  of  retinal  stimulation,  ii.  345 
After-images,  ii.  340 
After-loading  of  muscles,  ii.  110 
After-pressure,  sensation  of,  ii.  394 
Agamogenesis,  ii.  439 

Age,  changes  in  organization  of  the  central  ner- 
vous system  with,  ii.  284 

influence  of,  on  heat  production,  i.  482 
on  nerve-cells,  ii.  490 
on  pulse-rate,  i.  121 
on  respiration,  i.  425 
on  visual  accommodation,  ii.  314 

relation  of  body-temperature  to,  i.  469 
of  brain-weights  to,  ii.  276 
of  menstruation  to,  ii.  459 

specific  gravity  of  the  nervous  system  with 
changes  in,  ii.  284 
Air,  alveolar,  composition  of,  i.  413 

atmospheric,  composition  of,  i.  410,  413 

complemental,  i.  427 

expired,  composition  of,  i.  410 

inspired,  composition  of,  i.  410 

in  the  lungs,  renewal  of,  i.  413 

passages,  obstruction  of,  i.  452 

residual,  i.  427 

respiratory  changes  in,  i.  410 

stationary,  i.  427 

suction  of,  into  veins,  i.  97 

supplemental,  i.  427 

tidal,  volume  of,  i.  426 

variations  in  the  composition  of,  i.  435 
Albinos,  condition  of  the  internal  ear  in,  ii.  407 
Albuminates,  i.  577 
Albuminoids,  digestion  of,  in  the  stomach,  i.297 

enumeration  of,  i.  577 

nutritive  value  of,  i.  277,  349 

properties  of,  i.  579 

protection  of  proteids  by,  i.  349 

tryjJtic  digestion  of,  i.  304 
Albuminous  glands,  i.  216 
Albumins,  properties  of,  i.  577 
Albumose  injections,  effect  of,  on  blood-coaga- 

lation,  i.  62 
Alcaptonuria,  i.  570 
Alcoliol.  absorption  of,  in  the  stomach,  i.  313 

action  of.  on  c(niductivity  of  nerves,  ii.  93 

amyl.  i.  5:M) 

cerotyl,  i.  540 

cetyl,  i.  540 

effect  of,  (Ml  nerve-currents,  ii.  156 

ethyl,  i.  5:ir> 

fumes,  action  of,  on  nerves,  ii.  60 

melicvl,  1.540 

nutritive  value  of,  i.  35.S 

physiological  action  of,  i.  3.')7,  535 

propyl,  i.  5.'i6,  538 

stimulating  action  of,  ii.  75 

toxic  effects  of,  i.  359 
Alcoholic  fermentation,  i.  535 
Alcohols,  monatomic,  i.  531 


Aldehydes,  general  properties  of,  i.  534 

Aldoses,  i.  561 

Alimentary  canal,  movements  of,  i.  369 

principles,  i.  276 
Alkalies,  action  of,  on  nerves  and  muscles,  ii.60 
Allantoic  arteries,  ii.  474 

vein,  ii.  474 
Allantoin,  i.  555 
Allantois,  ii.  474 
Allochiria,  ii.  400 
Alloxuric  bases,  i.  338,  339.  552 
Altitude,  effect  of,  on  the  number  of  red  cor- 
puscles, i.  46 
Alveolar  air,  compostion  of,  i.  413 

capacity,  i.  427 

tension  of  carbon -dioxide,  i.  413 
of  oxygen,  i.  413 
Alveolus,  glandular,  definition  of,  i.  212 
Amido-acetic  acid,  i.  537 
Amido-acids,  properties  of,  i.  538 
Amines,  definition  of,  i.  541 
Ammonia,  action  of,  on  nerves,  ii.  60 

inhalation  of,  i.  440 

occurrence  of,  i.  511 

origin  of,  in  the  body,  i.  511 

properties  of,  i.  511 
Ammoniacal  fermentation  of  urine,  i.  512 
Ammonium  carbamate,  i.  548 

carbonate,  i.  523 

cyanate,  i.  542 

magnesium  jihosphate,  i.  527 

salts,  action  of,  on  muscles,  ii.  138 
Amnion,  ii.  472 
Amniotic  cavity,  ii.  472 

fluid,  inhibitory  effect  of,  on  respiration,  i.  464 
AmoBba,  contractility  of,  ii.  19 
Amoeboid  movement,  ii.  19 
in  neuroblasts,  ii.  176 
in  ova,  ii.  22 
of  leucocytes,  i.  48 
Amphiaster,  ii.  469 
Amphimixis  as  cause  of  congenital  variation, 

ii.  504 
Amphioxus,  reflexes  in,  ii.  212 
Ampho-peptone,  definition  of,  i.  293 
Amplitude  of  sound-waves,  ii.  381 
Ampulla  of  Henle,  ii.  447 
Ampulla;  of  the  semicircular  canals,  ii.  372 
Ampullary  nerves,  stimulation  of,  ii.  407 
Amputation  in  man,  effects  of,  on  neurones,  ii. 

IJMJ 
Amvgdalin.  fermentative  decomposition   of,  i. 

542 
Amyl  alcohol,  i.  539 
Amylodextrin,  i.  566 
Amyloid,  i.  578 

Amylolytic  enzyme  of  gastric  juice  in  the  dog, 
i.  296 
of  succus  entericus,  i.  308 
of  the  liver,  i.  3: JO 

enzymes,  definition  of,  i.  280 
action  of,  in  the  bodv,  i.  285 
Amylopsin,  i.  232.  280 

action  of,  on  starch,  i.  566 

digestive  action  of,  i.  305 

occurrence  of,  i.  304 

properties  of,  i.  305 
Anabolism,  definition  of,  i.  19 
Ansemia  of  the  brain  during  fatigue,  ii.  288 
Anaesthesia,  contralateral,  after  hcmisection  of 

the  cord.  ii.  2:i.'{ 
AnapstheticM,  action  of,  on  nerve-currents,  ii,  155 

effect  of,  on  body-temperature,  i.  472 
Analgesia,  ii.  232 

following  removal  of  the  cerebellum,  ii.  272 
Analysis  of  composite  tones,  ii.  384 
Anatomy  of  the  ear,  ii.  362 
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Urethra,  ii.  443 

structure  of,  ii.  448 
Uric  acid,  formation  of,  i.  338 
in  the  liver,  i.  322 
in  the  spleen,  i.  333 
in  muscles,  ii.  167 
molecular  structure  of,  i.  554 
occurrence  of,  i.  338 
origin  of,  in  birds,  i.  557 

in  mammals,  i.  338,  556 
preparation  of,  i.  555 
properties  of,  i.  555 
Urinary  bladder,  innervation  of,  i.  392 
movements  of,  i.  390 
pigments,  origin  of,  from  heemoglobin,  i.  45 
secretion,  normal  stimulus  for,  i.  255 
relation  of,  to  the  blood-flow  through  the 
kidney,  i.  253 
Urine,  acidity  of,  after  meals,  i.  290 
composition  of,  i.  250,  334 
ethereal  sulphates  of,  i.  572 
secretion  of,  i.  251 
Uriniferous  tubules,  secretory  fduction  of,  i. 
252 
structure  of,  i.  250 
Urobilin,  i.  574 
Uterus,  ii.  443,  456 
Utriculus  of  the  internal  ear,  ii.  373 

Vagina,  ii.  443,  462 

Vagus,  anabolic  action  of,  on  the  heart,  i.  166 
anatomy  of.  in  the  dog,  i.  159 
cardiac  branches  of,  i.  159 
central  path  of  the  aflerent  fibres  in,  ii.  236 
effect  on  the  heart,  nature  of,  i.  166 
gastric  branches  of,  i.  381 
inhibition,  dependence  of,  on  the  character 

of  the  stimulus,  i.  1()5 
intestinal  branches  of,  i.  385 
nerve,  fatigue  «>f,  ii.  96 

puImonar>'  branches  of.  i.  465 
rate  of  conduction  in,  ii.  90 
relation  of,  to  apncpa,  i.  442 
respiratory  function  of,  i.  459 
pneumonia,  i.  466 
secretory  fibres  r.f.  to  the  pancreas,  i.  232 

to  tiie  stomach,  i.  2:59 
stimulation,  auricular  effects  of.  i.  164 
eflect  of,  latent  pericnl  of,  i.  162 
on  the  heart,  i.  152.  163 
on  the  ventricle,  i.  162 
Valsalva's  exp«*riment,  i.  452 

sinuses,  i.  Ill 
Valves,  an rirn I o  ventricular,  i.  108 
of  lymphatic  vessels,  i.  146 
s<'milunar,  i.  110 
Valvulsp  conniventes,  value  of,  in  absorption,  i. 

:U4 
Variation  of  the  offspring  in  reproduction,  ii. 

.')00 
Variations,  somatic,  classification  of,  i.  497 
Vas  deferens,  ii.  4  47 
Vasa  deferent ia,  ii.  44.3 

efferentia  of  the  testis,  ii.  447 
Va.seline.  i.  XM 

Vaso-con  strict  or  centre,  rhythmical  activity  of, 
i.  201.  4.'>1 
nerves,  discovery  of,  i.  193 
Vjiso-di!:itor  ntTves,  discovery  of,  i.  194 
Vaso-inotor  centre,  medullary,  i.  198 
centres,  spinal,  i.  lJ>i» 
synipatiietic.  i.  *i<>0 
nerve**,  anatomy  of.  i.  19s 

methods  of  investigating,  i.  195 
of  the  brain,  i.  203 
of  the  cranial  vess«»ls,  ii.  28<> 
of  the  generative  orgafis,  i.  208 


Vaso-motor  nerves  of  the  head,  i.  204 
of  the  heart,  i.  206 
of  the  intestines,  i.  206 
of  the  kidneys,  i.  207,  256 
of  the  limbs,  i.  209 
of  the  liver,  i.  206 
of  the  lungs,  i.  205,  466 
of  the  muscles,  i.  210 
of  the  pancreas,  i.  207 
of  the  portal  system,  i.  209 
of  the  salivary  glands,  1.  222 
of  the  spleen,  i.  207 
of  the  tongue,  i.  205 
of  the  veins,  i.  195 
special  properties  of,  i.  197 
reflexes,  i.  201 
through  the  vagi,  i.  172 
Vegetable  foods,  composition  of,  i.  278 

proteids,  i.  577 
Veins,  effect  of  compression  of,  on  lymph  forma- 
tion, i.  72 
entrance  of  air  into,  i.  97 
rate  of  flow  in,  i.  101 
vaso-motor  nerves  of,  i.  209 
Velocity  of  blood-flow,  i.  99-101 
VensB  Thebesii,  i.  184 
Veno-motor  nerves  of  the  limbs,  i.  209 
Venous  blood-flow,  effect  of  the  auricles  on,  i. 
137 
circulation,  i.  95,  96 
pressure,  i.  91,  94 
pulse,  respiratory,  i.  96 
Ventilatiim,  principles  of.  i.  439 
Ventral  nerve-roots,  number  of  fibres  of,  ii.  230 
Ventricles,  independent  rhythm  of,  i.  152 
of  Morgagni,  ii.  422 
of  the  brain,  capacity  of,  ii.  274 
work  done  by,  i,  106,  107 
Ventricular  bands,  ii.  422 
cycle,  analysis  of,  i.  133 
diastole,  duration  of,  i.  123 
pressure-curves,  analysis  of,  i.  128 
pressures,  i.  125 
sy.stole,  duration  of,  i.  12:{ 
Veratria,  action  of,  on  coagulation  of  muscle- 
plasma,  ii.  164 
on  muscular  contraction,  ii.  129,  137 
on  nerves  and  muscles,  ii.  60 
effect  of,  on  muscular  contraction,  ii.  128 
Vernix  caseosa,  i.  258 
Vessels  of  Thelxsius,  i.  186 
Vertigo  in  distrases  of  the  ear  labyrinth,  ii.  406 
Vestibular  root  <»f  the  auditory  nerve,  central 

path  of,  ii.  2;{7 
Vestibule  of  the  bony  labyrinth,  ii.  Xl\ 
Vibrations  of  the  tympanic  membrane,  ii.  370 
transmission  of,  through   the   labyrinth,   ii. 
37({ 
Villus,  intestinal,  structure  o/,  i.  318 
Visceri»-niotor  nerves  to  the  intestines,  i.  I^i 
Viscositv  of  irrigating  media  for  the  heart,  i. 

191 
Vision,  binocular,  ii.  .356 
far-point  <»f.  ii.  312 
indirect,  ii.  'M\ 
near-point  of,  ii.  312 
ps<Midoscopic.  ii.  3,'>7 
sterescopic,  ii.  357 
Visual  area  of  the  cortex,  ii.  253 
impulses,  pla<'e  of  origin  of,  in  the  retina,  ii. 

3'>7 
judurmeiits  of  distance,  ii.  348 
of  si/e.  ii.  .T>0 

and  distance,  ii.  .'J54 
purple,  i.  .^>75;  ii.  330 

adaptation  (»f  the  eye  by,  ii.  326 
sensation,  intensity  of,  ii.  .'i39 
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Vital  capacity  of  the  Inngs,  i.  427 

force,  definition  of,  i.  25 
Vitellin,  composition  of,  i.  579 
Vitelline  membrane,  absence  of,  in  human  ova, 

ii.450 
Vitreous  humor,  opacities  in,  ii.  321 

refractive  index  of,  ii.  303 
Vocal  cords,  false,  ii.  422 

true,  ii.  423 
Voice,  ii.  430 

changes  at  puberty  in,  ii.  489 

effect  of  age  on,  ii.  431 

pitch  of,  ii.  432 

registers  of,  ii.  432 
Voice-production,  ii.  421 

mechanism  of,  ii.  431 
Voices,  classification  of,  ii.  433 
Volta,  ii.  28 
Voltaic  pile,  ii.  28 
Voluntary  control  of  the  heart,  i.  178 

muscular  contractions,  fatigue  of,  ii.  134 
tetanic  character  of,  ii.  133 

reactions,  afferent  paths  of,  ii.  226 
anatomical  mechanism  of,  ii.  226 
compared  with  reflex,  ii.  225 
Vomiting,  i.  387 

causes  of,  i.  388 

centre  for,  i.  389 

nervous  mechanism  of,  i.  388 
von  Gudden's  commissure,  ii.  238 
Vorticella,  movements  of,  ii.  20 
Vowel-sounds,  ii.  431 

differences  in  quality  of,  ii.  385 

production  of,  li.  434 
Vulva,  ii.  443,  462 

Walking,  ii.  420 

Wallerian  degeneration,  changes  of  excitability 
in,  ii.  69 
of  nerve-fibres,  ii.  197 
of  nerves,  ii.  69 
Wandering  cells,  definition  of,  i.  48 
Water,  absorption  of,  i.  313,  318 
amount  lost  through  the  lungs,  i.  410 
distribution  of,  i.  503 
effect  of.  on  pancreatic  secretion,  i.  236 
elimination  of,  i.  340 
imbibition  of.  i.  504 


Water,  latent  heat  of,  i.  504 
nutritive  value  of,  i.  276,  354 
percentage  of,  in  brain  and  cord,  ii.  274 
pro|»erties  of,  i.  503 

pure,  toxic  action  of,  on  nerves  and  muscles, 
ii.  58 
Weber's  law,  ii.  340 

applied  to  pressure-sensations,  ii.  393 
Weight  of  embryo,  increase  of,  ii.  487 
of  the  brain  and  spinal  cord,  ii.  274 
decrease  of,  in  old  age,  ii.  296 
relation  of,  to  social  environment,  ii.  277 
of  the  child  at  birth,  ii.  487 
Wcissmann's  theory  of  heredity,  ii.  502 
Wharton's  duct,  i.  217 
Whispering,  ii.  436 

Whistling  register  of  the  voice,  ii.  433 
White  matter  of  the  central  nervous  system, 

water  contents  of,  ii.  274 
William's  frog-heart  apparatus,  i.  188 

valve,  i.  187 
Wines,  i.  535 
Wirsung's  duct,  i.  231 
Womb.    See  Uterus. 

Work  done  by  contracting  muscles,  conditions 
affecting,  ii.  139 
by  muscular  contraction,  curve  of,  ii.  140 
by  the  heart  ventricles,  i.  106,  107 
Worms,  segmental  nervous  system  of,  ii.  212 
Wrisberg,  cartilages  of,  ii.  4S^,  425 
Wundt's  tetanus,  ii.  131 
closing,  ii.  37,  61 

Xanthin,  i.  553 

of  muscles,  ii.  167 

physiological  significance  of,  i.  339 
Xantho-proteid  reaction,  i.  576 
Xylose,  i.  562 

Yawning,  i.  454 

Young- Helmholtz  theory  of  color  vision,  ii.  335 

Zollner'8  lines,  ii.  351 
Zona  pellueida,  ii.  454 

of  the  ovum,  ii.  450 
radiata  of  the  ovum,  ii.  449,  450 
Zymogen  granules,  definition  of,  i.  228 

of  the  pancreas,  i.  235 
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Professor  of  Special  Pathology  and  Therapeutics  and  Director  of  the 
Medical  Clinic,  University  of  Zurich.  Translated  and  edited  by  Augus- 
tus A.  EsHNER,  M.  D.,  Professor  of  Clinical   Medicine,  Philadelphia 

Polyclinic.    Two  octavo  volumes  of  600  pages  each,  over  150  illustrations. 

Prices  per  set :  Cloth,  $6.00  net ;  Sheep  or  Half  Morocco,  J 7. 50  net. 

Friedrich  aiid  Curtis  on  the  Nose,  Throat,  aiid  £ar. 

Rhinology,  laryngology,  and  Otology,  and  Their  Significance  in  Gen- 
eral Medicine.  By  Dr.  K.  P.  Friedrich,  of  Leipzig.  Edited  by  H. 
HoLBROOK  Curtis,  M.  D.,  Consulting  Surgeon  to  the  New  York  Nose 
and  Throat  Hospital.     Octavo,  348  pages.     Cloth,  $2.50  net. 

Prothingham's  Guide  for  the  Bacteriologist. 

laboratory  Cuide  for  the  Bacteriologist.  By  Langdon  Frothingham, 
M.  D.  v..  Assistant  in  Bacteriology  and  Veterinary  Science,  Sheffield 
Scientific  School,  Yale  University.     Illustrated.     Cloth,  75  cts.  net. 

Garrigues'  Diseases  ef  Women.    Third  Edition.  Ravited. 

Diseases  of  Women.  By  Henry  J.  Garrigues,  A.  M.,  M.  D.,  Gyne- 
cologist to  St.  Mark's  Hospital  and  to  the  German  Dispensary,  New 
York  City.  Octavo,  756  pages,  with  367  engravings  and  colored  plates. 
Cloth,  $4.50  net ;  Sheep  or  Half  Morocco,  S5.50  net. 
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Hyde  add  Montgomery  on  Syphilis  aiib  the  Venereal 

Diseases,      second  Ediaon,  Revised  and  Gfeatiy  Cnlar^. 


Syphilis  and  the  Venereal  Diseases.  By  James  Nevins  Hyde,  M.  D., 
Professor  of  Skin  and  Venereal  Diseases,  and  Frank  H.  Montgomery, 
M.  D.,  Associate  Professor  of  Skin,  Genito-Urinary,  and  Venereal  Dis- 
eases in  Rush  Medical  College,  Chicago,  111.  Octavo,  594  pages, 
profusely  illustrated.     Cloth,  J4.00  net. 

^e  International  Text-Book  of  Surgery,    in  Two  volumes. 

By  American  and  British  Authors.  Edited  by  J.  Collins  Warren, 
M.  D.,  LL.  D.,  F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Harvard  Medi- 
cal School,  Boston ;  and  A.  Pearce  Gould,  M.  S.,  ¥.  R.  C.  S.,  Lecturer 
on  Practical  Surgery  and  Teacher  of  Operative  Surgery,  Middlesex 
Hospital  Medical  School,  I^ndon,  Eng.  Vol.  I.  General  Surgery. — 
Handsome  octavo,  947  pages,  with  458  beautiful  illustrations  and  9 
lithographic  plates.  Vol.  11.  Special  or  Regional  Surgery. — Handsome 
octavo,  1072  pages,  with  471  beautiful  illustrations  and  8  lithographic 
plates.  Sold  by  Subscription.  Prices  per  volume:  Cloth,  $5.00  net; 
Sheep  or  Half  Morocco,  $6.00  net. 

•*  It  is  the  most  valuable  work  on  the  subject  that  has  appeared  in  some  years.  The  clini- 
cian and  the  pathologist  have  joined  hands  in  its  production,  and  the  result  must  be  a  satis- 
faction to  the  editors  as  it  is  a  gratification  to  the  conscientious  reader." — Annals  of  Surgery. 

"  This  is  a  w6rk  which  comes  to  us  on  its  own  intrinsic  merits.  Of  the  latter  it  has  very 
many.  The  arrangement  of  subjects  is  excellent,  and  their  treatment  by  the  different  authors 
is  equally  so.  What  is  especially  to  be  recommended  is  the  painstaking  endeavor  of  each 
writer  to  make  his  subject  clear  and  to  the  point.  To  this  end  particularly  is  the  technique 
of  operations  lucidly  described  in  all  necessary  detail.  And  withal  the  work  is  up  to  dale  in 
a  very  remarkable  degree,  many  of  the  latest  operations  in  the  different  regional  parts  of  the 
body  being  given  in  full  details.  There  is  not  a  chapter  in  the  work  from  which  the  reader 
may  not  learn  something  new." — Xfedical  Record,  New  York. 

Jackson's  Diseases  <2f  the  £ye. 

A  Manual  of  Diseases  of  the  Eye.  By  Edward  Jackson,  A.  M.,  M.  D., 
Emeritus  Professor  of  Diseases  of  the  Eye,  Philadelphia  Polyclinic  and 
College  for  Graduates  in  Medicine.  12 mo  volume  01^535  pages,  with 
178  illustrations,  mostly  from  drawings  by  the  author.    Cloth,  $2.50  net. 

Keating's  Life  Insurance. 

How  to  Examine  for  Life  Insurance.  By  John  M.  Keating,  M.  D., 
Fellow  of  the  College  of  Physicians  of  Philadelphia ;  Ex-President  of  the 
Association  of  Life  Insurance  Medical  Directors.  Royal  octavo,  211 
pages.     With  numerous  illustrations.     Cloth,  $2.00  net. 

Keen  on  the  Surgery  (jf  Typhoid  Fever. 

The  Surgical  Complications  and  Sequels  of  Tvphoid  Fever.  By  Wm. 
W.  Keen,  M.  D.,  LL.  D.,  F.  R.  C.  S.  (Hon.),  Professor  of  the  Principles 
of  Surgery  and  of  Clinical  Surger}%  Jefferson  Medical  College,  Phila- 
delphia, etc.    Octavo  volume  of  386  pages,  illustrated.   Cloth,  |>3.oo  net. 

Keen's    Operation    Blank.      second  Edition,  Revised  Form. 

An  operation  Blank,  with  Lists  of  Instruments,  etc.,  Required  in  Vari- 
ous Operations.  Prepared  by  W.  W.  Keen,  M.  D.,  LL.  D.,  F.  R.  C.  S. 
(Hon.),  Professor  of  the  Principles  of  Surgery  and  of  Clinical  Surgery, 
Jefferson  Medical  College,  Philadelphia.  Price  per  pad,  blanks  for  fifty 
operations,  50  cts.  net. 
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Meigs  on  Feeding  in  Infancy. 

Feeding  in  Early  Infancy.  By  Arthur  V.  Meigs,  M.  D.  Bound  in 
limp  cloth,  flush  edges,  25  cts.  net. 

Moore's  Orthopedic  Surgery. 

A  Manual  of  Orthopedic  Surgery.  By  James  E.  Moore,  M.  D.,  Pro- 
fessor of  Orthopedics  and  Adjunct  Professor  of  Clinical  Surgery,  Uni- 
versity of  Minnesota,  College  of  Medicine  and  Surgery.  Octavo  volume 
of  356  pages,  handsomely  illustrated.     Cloth,  J 2. 50  net. 

Morten's  Nurses'  Dictionary. 

Nurses*  Dictionary  of  Medical  Terms  and  Nursing  Treatment.  Con- 
taining Definitions  of  the  Principal  Medical  and  Nursing  Terms  and 
Abbreviations ;  of  the  Instruments,  Drugs,  Diseases,  Accidents,  Treat- 
ments, Operations,  Foods,  Appliances,  etc.  encountered  in  the  ward  or 
in  the  sick-room.  By  Honnor  Morten,  author  of  **  How  to  Become 
a  Nurse,*'  etc.     i6mo,  140  pages.     Cloth,  $1.00  net. 

Nancrede's  Anatomy  aiid  Dissection,    rourth  Edftion. 

Essentials  of  Anatomy  and  Manual  of  Practical  Dissection.  By  Charles 
B.  Nan'crede,  M.  D.,  LL.  D.,  Professor  of  Surgery  and  of  Clinical  Sur- 
gery, University  of  Michigan,  Ann  Arbor.  Post-octavo,  500  pages,  with 
full-page  lithographic  plates  in  colors  and  nearly  200  illustrations.  Extra 
Cloth  (or  Oilcloth  for  dissection -room),  $2.00  net. 

Nancrede's  Principles  ^  Surgery. 

Lectures  on  the  Principles  of  Surgery.  By  Chas.  B.  Nancrede,  M.  D.^ 
LL.  D.,  Professor  of  Surgery  and  of  Clinical  Surgery,  University  of 
Michigan,  Ann  Arbor.   Octavo,  398  pages,  illustrated.   Cloth,  J2.50  net. 

Norris's  Syllabus  qf  Obstetrics.    ThM  Edition.  Revised. 

Syllabus  of  Obstetrical  Lectures  in  the  Medical  Department  of  the 
University  of  Pennsylvania.  By  Richard  C.  Norris,  A.  M.,  M.  D., 
Instructor  in  Obstetrics  and  I>ecturer  on  Clinical  and  Operative  Obstet- 
rics, L^niversity  of  Pennsylvania.  Crown  octavo,  222  pages.  Cloth^ 
interleaved  for  notes,  $2.00  net. 

O^den  on  the  Urine. 

Clinical  Examination  of  the  L^rine  and  Urinary  Diagnosis.  A  Clinical 
Guide  for  the  Use  of  Practitioners  and  Students  of  Medicine  and  Sur- 
gery. By  J.  Bkrgen  Ooden,  M.  D.,  Instructor  in  Chemistry,  Harvard 
Medical  School.  Handsome  octavo,  416  pages,  with  54  illustrations 
and  a  number  of  colored  plates.     Cloth,  $3.00  net. 

Penrose's  Diseases  ({f  Women.    Fourth  Edition.  Revised. 

A  Text-Book  of  Diseases  of  Women.  By  Charles  B.  Penrose,  M.  D., 
Ph.  D.,  formerly  Professor  of  Gynecology  in  the  University  of  Penn- 
sylvania. Octavo  volume  of  538  pages,  handsomely  illustrated.  Cloth^ 
^3.75  net. 
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Scudder'S   Fractures,      second  Edition,  Revised. 

The  Treatment  of  Fractures.  By  Chas.  L.  Scudder,  M.  D.,  Assistant 
in  Clinical  and  Operative  Surgery,  Harvard  University  Medical  School. 
Octavo,  460  pages,  with  nearly  600  original  illustrations.  Polished 
Buckram,  $4.50  net;   Half  Morocco,  ^5.50  net. 

Senn's  Genito-Urinary  Tuberculosis. 

Tuberculosis  of  the  Genito-Urinary  Organs,  Male  and  Female.  By 
Nicholas  Senn,  M.  D.,  Ph.  D.,  LL.  D.,  Professor  of  the  Practice  of 
Surgery  and  of  Clinical  Surgery,  Rush  Medical  College,  Chicago. 
Handsome  octavo  volume  of  320  pages,  illustrated.     Cloth,  $3.00  net. 

Senn's  Practical  Surgery. 

Practical  Surgery.  By  Nicholas  Senn,  M.  D.,  Ph.  D.,  LL.  D.,  Pro- 
fessor of  the  Practice  of  Surgery  and  of  Clinical  Surgery,  Rush  Medical 
College,  Chicago.  Handsome  octavo  volume  of  1200  pages,  profusely 
illustrated.  Cloth,  $6.00  net;  Sheep  or  Half  Morocco,  $7.00  net. 
By  Subscription, 

Senn's  Syllabus  ef  Surgery. 

A  Syllabus  of  Lectures  on  the  Practice  of  Surgery,  arranged  in  con- 
formity with  '*An  American  Text-Book  of  Surgery.'*  By  Nicholas 
Senn,  M.  I).,  Ph.  D.,  LL.  I).,  Professor  of  the  Practice  of  Surger>'  and 
of  Clinical  Surgery,  Rush  Medical  College,  Chicago.     Cloth,  $1.50  net. 

Senn'S   Tumors,      second  Cdition.  RevUed. 

Pathology  and  Surgical  Treatment  of  Tumors.  By  Nicholas  Senn,  M.  D.  , 
Ph.  E).,  I  J..  D.,  Professor  of  the  Practice  of  Surgery  and  of  Clinical 
Surgery,  Rush  Medical  College,  Chicago.  Octavo  volume  of  718  pages, 
with  478  illustrations,  including  12  full-page  plates  in  colors.  Cloth, 
$5.00  net;  Sheep  or  Half  Morocco,  $6.00  net. 


Starr's  Diets  for  Infants  arid 

Diets  for  Infants  and  Children  in  Health  and  in  Disease.  By  Louis 
Starr,  M.  D.,  Editor  of  "An  American  Text-Book  of  the  Diseases  of 
Children."  230  blanks  (pocket-book  size),  perforated  and  neatly  bound 
in  flexible  morocco.     Si. 2 5  net. 

Steni^el'S   PatholO^.      Third  Edition.  Thoroughly  Revised. 

A  Text-Book  of  Pathology.  By  Alfred  Stengel,  M.  D.,  Professor  of 
Clinical  Medicine,  University  of  Pennsylvania;  Visiting  Physician  to 
the  Pennsylvania  Hospital.  Handsome  octavo,  873  pages,  nearly  400 
illustrations,  many  of  them  in  colors.  Cloth,  $5.00  net ;  Sheep  or  Half 
Morocco,  $6.00  net. 


Stengel  aiid  White  on  the  Blood. 

The  Blood  in  its  Clinical  and  Pathological  Relations.  By  Alfred 
Stengel,  M.  D.,  Professor  of  Clinical  Medicine,  University  of  Penn- 
sylvania ;  and  C.  Y.  White,  Jr.,  M.  D.,  Instructor  in  Clinical  Medicine, 
University  of  Pennsylvania.     ///  Press. 
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Vecki's    Sexual    Impotence.       second  Edition,  Revised. 

The  Pathology  and  Treatment  of  Sexual  Impotence.  By  Victor  G. 
Veck.1,  M.  D.  From  the  second  German  edition,  revised  and  enlarged. 
Demi-octavo,  291  pages.     Cloth,  |2.oo  net. 

Vierordt's  Medical  Diagnosis.    Fourth  Edition,  Revised. 

Medical  Diagnosis.  By  Dr.  Oswald  Vierordt,  Professor  of  Medicine, 
University  of  Heidelberg.  Translated,  ^ith  additions,  from  the  fifth 
enlarged  German  edition,  with  the  author's  permission,  by  Francis  H. 
Stuart,  A.M.,  M.  D.  Handsome  octavo  volume,  603  pages;  194 
wood-cuts,  many  of  them  in  colors.  Cloth,  I4.00  net;  Sheep  or  Half 
Morocco,  J55.00  net. 

Watson's  Handbook  for  Nurses. 

A  Handbook  for  Nurses.  By  J.  K.  Watson,  M.  D.  Edin.  American 
Edition,  under  supervision  of  A.  A  Stevens,  A.  M.,  M.  D.,  Lecturer 
on  Physical  Diagnosis,  University  of  Pennsylvania.  i2mo,  413  pages, 
73  illustrations.     Cloth,  J  1.50  net. 

Warren's  Surgical  Pathology,    second  Edition. 

Surgical  Pathology  and  Therapeutics.  By  John  Collins  Warren, 
M.  D.,  LL.  D.,  F.  R.  C.  S.  (Hon.),  Professor  of  Surgery,  Har\ard 
Medical  School.  Handsome  octavo,  873  pages;  136  relief  and  litho- 
graphic illustrations,  33  in  colors.  With  an  Appendix  on  Scientific 
Aids  to  Surgical  Diagnosis,  and  a  series  of  articles  on  Regional  Bacte- 
riology.    Cloth,  S5.00  net;   Sheep  or  Half  Morocco,  J6.00  net. 
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ARRANGED  IN  QUESTION  AND  ANSWER  FORM. 


The  Most  Complete  and  Best  Illustrated  Series  of  Compends  Ever  Issued. 


NOW    THE    STANDARD    AUTHORITIES    IN    MEDICAL    LITERATURE 

WITH 

Students  and  Practitioners  in  every  City  of  the  United  States  and  Canada. 


Since  the  is>ue  of  the  first  volume  of  the  Saunders  Question-Compends, 

OVCR  200.000  COPIES 

of  these   unrivalled   publications   have   been  sold.      This   enormous   sale   is   indisputable 
evidence  of  the  value  of  these  self-helps  to  students  and  j^hysicions. 
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Saunders'  Medical   Hand-Atlases. 


VOLUMES  NOW  READY. 

Atlas  and  £pitome  of  Internal  Medicine  and  Clinical 
Diagnosis. 

By  Dr.  Chr.  Jakob;  of  Erlangen.  Edited  by  Augustus  A.  Eshner, 
M.  I).,  Professor  of  Clinical  Medicine,  Philadelphia  Polyclinic.  With 
179  colored  figures  on  68  plates,  64  text-illustrations,  259  pages  of  text. 
Cloth,  53.00  net. 

Atlas  of  Le^al  Medicine. 

By  Dr.  E.  R.  von  Hofmann,  of  Vienna.  Edited  by  Frederick. 
Peterson,  M.  D.,  Chief  of  Clinic,  Nervous  Department,  College  of 
Physicians  and  Surgeons,  New  York.  With  120  colored  figures  on  56 
plates  and  193  beautiful  half-tone  illustrations.     Cloth,  $3.50  net. 

Atlas  and  Epitome  of  Diseases  of  the  Larynx. 

By  Dr.  L.  Grunwald,  of  Munich.  Edited  by  Charles  P.  Grayson^ 
M.  D.,  Physician-in-Charge,  Throat  and  Nose  Department,  Hospital  of 
the  University  of  Pennsylvania.  With  107  colored  figures  on  44  plates^ 
25  text-illustrations,  and  103  pages  of  text.     Cloth,  $2.50  net. 

Atlas  and  Epitome  of  Operative  Stur^ery. 

By  Dr.  O.  Zuckerkandl,  of  Vienna.  Edited  by  J.  Chalmers 
DaCosta,  M.  D.,  Professor  of  Principles  of  Surgery  and  Clinical  Sur- 
gery, Jefferson  ^ledical  College,  Philadelphia.  With  24  colored  plates, 
217  text-illustrations,  and  395  j)ages  of  text.     Cloth,  I3.00  net. 

Atlas  and  Epitome  of   Syphilis   and  the  Venereal 
Diseases. 

By  Prof.  Dr.  Franz  Mracek,  of  Vienna.  Edited  by  L.  Bolton 
Bangs,  M.  D.,  Professor  of  Genito-Urinary  Surgery,  University  and 
Bellevue  Hospital  Medical  College,  New  York.  With  71  colored 
plates,  16  illustrations,  and  122  pages  of  text.     Cloth,  J3.50  net. 

Atlas  and  Epitome  of  External  Diseases  of  the  Eye. 

By  Dr.  O.  Haab,  of  Zurich.  Edited  by  G.  E.  de  Schweinitz,  M.  D., 
Professor  of  Ophthalmology,  Jefferson  Medical  College,  Philadelphia. 
With  76  colored  illustrations  on  40  plates  and  228  pages  of  text. 
Cloth,  $3.00  net. 

Atlas  and  Epitome  of  Skin  Diseases. 

By  Prof.  Dr.  Franz  Mracek,  of  Vienna.  Edited  by  Henry  W.  Stel- 
WA{;oN,  M.  D.,  Clinical  Professor  of  Dermatology,  Jefferson  Medical 
College,  Philadelphia.  With  63  colored  plates,  39  half-tone  illustra- 
tions, and  200  pages  of  text.     Cloth,  $3.50  net. 

Atlas  and  Epitome  of  Special  Patholo^cal  Histolo^. 

By  Dr.  H.  Durck,  of  Munich.  Edited  by  LuDwio  Hektoen  M.  D., 
Professor  of  Pathology,  Rush  Medical  College,  Chicago.  In  Two  Parts. 
Part  I.  Ready,  including  Circulatory,  Respiratory,  and  Gastro-intestinal 
Tract,  120  colored  figures  on  62  plates,  158  pages  of  text.  Part  IL 
Ready  Shortly.     Price  of  Part  I.,  $3.00  net. 
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NOTHNAGEL'S  ENCYCLOPEDIA 

OF 

PRACTICAL  MEDICINE 

Edited  by  ALFRED  STENGEL.  M.  D. 

Professor  of  Clinical  Medicine  in  the  University  of  Pennsylvania ;  Visiting 
Physician  to  the  Pennsylvania  Hospital 

ris  universally  acknowledged  that  the  Germans  lead  the  world  in  Internal 
Medicine  ;  and  of  all  the  German  works  on  this  subject,  Nothnagel's  **  Ency- 
clopedia of  Special  Pathology  and  Therapeutics*'  is  conceded  by  scholars  to 
be  without  question  the  best  Sjfttem  of  Medicine  in  eadstence.  So  necessar>' 
is  this  book  in  the  study  of  Internal  Medicine  that  it  comes  largely  to  this  countr>' 
in  the  original  German.  In  view  of  these  facts,  Messrs.  W.  B.  Saunders  &  Com- 
pany have  arranged  with  the  publishers  to  issue  at  once  an  autiiorized  edition 
of  this  great  encyclopedia  of  medicine  in  English. 

For  the  present  a  set  of  some  ten  or  twelve  volumes,  representing  the  most 
practical  part  of  this  encyclopedia,  and  selected  with  especial  thought  of  the  needs 
of  the  practical  physician,  will  be  published.  The  volumes  will  contain  the  real 
essence  of  the  entire  work,  and  the  purchaser  will  therefore  obtain  at  less  than 
half  the  cost  the  cream  of  the  original.  Later  the  special  and  more  strictly 
scientific  volumes  will  be  offered  from  time  to  time. 

The  work  will  be  translated  by  men  possessing  thorough  knowledge  of  both 
English  and  German,  and  each  voknne  will  be  edited  by  a  prominent  specialist 
on  the  subject  to  which  it  is  devoted.  It  will  thus  be  brought  thoroughly  up  to 
date,  and  the  American  edition  will  be  more  than  a  mere  translation  of  the  Ger- 
man ;  for,  in  addition  to  the  matter  contained  in  the  original,  it  will  represent  the 
veiy  latest  views  of  the  leading  American  specialists  in  the  various  departments 
of  Internal  Medicine.  The  whole  System  will  be  under  the  editorial  super- 
vision of  Dr.  Alfred  Stengel,  who  will  select  the  subjects  for  the  American  edition, 
and  will  choose  the  editors  of  the  different  volumes. 

Unlike  most  encyclopedias,  the  publication  of  this  work  will  not  be  extended 
over  a  number  of  years,  but  five  or  six  volumes  will  be  issued  during  the  coming 
year,  and  the  remainder  of  the  series  at  the  same  rate.  Moreover,  each  volume 
will  be  revised  to  the  date  of  its  publicatfon  by  the  American  editor.  This  will 
obviate  the  objection  that  has  heretofore  existed  to  systems  published  in  a  number 
of  volumes,  since  the  subscriber  will  receive  the  completed  work  while  the  earlier 
volumes  are  still  fresh. 

The  usual  method  of  publishers,  when  issuing  a  work  of  this  kind,  has  been 
to  compel  physicians  to  take  the  entire  Sj'Stem.  This  seems  to  us  in  many  cases 
to  be  undesirable.  Therefore,  in  purchasing  this  encyclopedia,  physicians  will  be 
given  the  opportunity  of  subscribing  for  the  entire  System  at  one  time ;  but  any 
single  volume  or  any  number  of  volumes  may  be  obtained  by  those  who  do  not 
desire  the  complete  series.  This  latter  method,  while  not  so  profitable  to  the  pub- 
lisher, offers  to  the  purchaser  many  advantages  which  will  be  appreciated  by  those 
who  do  not  care  to  subscribe  for  the  entire  work  at  one  time. 

This  American  edition  of  Nothnagel's  Encyclopedia  will,  without  question, 
form  the  greatest  System  of  Medicine  ever  produced,  and  the  publishers  feel  con- 
fident that  it  will  meet  with  general  favor  in  the  medical  profession. 
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